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EXECUTIVE SUMMARY 

Controllersarerequiredto processvastamountsof informationin orderto conductair traffic 
safelyandexpeditiously. Sincemostairtraffic informationis constantlychanging,working 
memoryandsituationalawareness(SA)arecritically importantfor controllers. Humanworking 
memoryhasa limited capacityandis oftenthoughtto bea contributingfactorto operational 
errorsin air traffic control (ATC). Oneapproachto reducingtheincidenceof errorsis to 
enhanceworking memoryby providing memoryaidsto controllers.Theprimarypurposeof this 
researchwasto developandevaluatememoryaidsintendedto improveairtraffic controller 
effectivenessby: 

a. Improving working memory and reducing memory-related errors. 

b. Investigatingtheeffectsof theproposedmemoryaidson controllerSAandworkload. 

The memory aids investigated in the experimentwere specially-designedarrival and departure 
proceduresbased on StandardTerminal Arrival Routes (STARs) and Standard Instrument 
Departures(Sills). However, the proceduresused in the present study differed from basic 
STARs and Sills in several important ways. Unlike basic STARs and Sills, the experimental 
arrival and departureproceduresconsistedof a sequenceof fixes and altitude changesat 
designatedpoints to direct arrival and departureaircraft entirely through the terminal 
environment. Theseprocedureswere intended to reducethe need for controller communications 
and structure (or standardize)the flow of ~affic arriving from and departing to many different 
locations. Since fewer communications were required, controllers could theoretically devote 
more time to scanning the radar display, reviewing flight progressstrips, and performing other 
activities that should increasetheir SA. Also, once the experimental arrival and departure 
procedureshave become familiar to controllers, they can serveas a "schema" or "mental model" 
for organizing and remembering aircraft information. 

Sixteen air traffic controllers from the Atlantic City Terminal Radar Approach Control 
(TRACON) participated in the study. The experimentwas conducted at the Federal Aviation 
Administration (FAA) Technical Center's Human Factors Laboratory at the Atlantic City 
International Airport in New Jersey. The experimentalapparatusconsisted of a high-fidelity 
ATC simulator with voice communication equipmentto allow controllers to issue commandsto 
remote pseudopilots. Each controller performed 8 different scenariosover 2 days of testing. On 
one of the days, controllers used their own techniqueswithout any special instructions from the 
experimenters. On the other day, participants usedthe specially-designedarrival and departure 
proceduresas memory aids while controlling traffic. Before working the actual scenarios, 
participants received a I-hour training sessionto becomefamiliar with the experimental arrival 
and departureprocedures. Controllers performed two low traffic scenariosand two high traffic 
scenarioson both days of testing to evaluatethe memory aids under different traffic conditions. 
Low traffic scenariosconsistedof 14aircraft appearing within the 30-minute duration of each 
scenario, and high traffic scenariosconsistedof 23 aircraft appearing within the same30-minute 
time period. 
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Data regarding ATC performance, SA, and workload were collected during the simulation. The 
performance measuresincluded the number of conflict errors,handoff errors, controller 
assignments,controller transmissions,aircraft density, and flights completed. Controller 
workload was assessedusing the Air Traffic Workload Input Technique (ATWIT). The ATWIT 
technique consisted of collecting participants' ratings of workload as they controlled traffic. SA 
was evaluated using a modification of the Situational AwarenessGlobal AssessmentTechnique 
(SAGAT). The SAGAT technique consistedof having participants answerquestions about the 
current situation without viewing displays. In this study, the method was used in two different 
phasesduring eachscenarioto collect different information. In the information recall phase, 
controllers were askedquestions about aircraft suchas current altitude, heading, and airspeed, 
and most recently assignedaltitude, heading, and airspeed,aswell as flight plan information. In 
the spatial location phase,controllers were askedto locate aircraft on a map of the radar display. 
In both phases,scoring was accomplished by awarding 0, 1, 2 or 3 points, depending upon the 
accuracyof controllers' responses. 

In additionto the previouslydescribedmeasures,severalquestionnaireswereusedto collect 
subjectiveratingsfromparticipantsandan expertobserver.First, anInitial Questionnaire 
requestedbackgroundinformationfrom eachparticipant.Next, an InformationImportanceForm 
askedparticipantsto makeimportanceratingsfor differenttypesof ATC information. As 
controllersworked eachscenario,an ATC expertmadeperformanceandworkloadratingsonan 
ObserverChecklist. After eachscenariowasfinished,controllersmadeperformance,SA, and 
workloadratingsin a Post-ScenarioQuestionnaire.After all the scenarioswerefinished,the 
participantswereaskedto completethe InformationImportanceFormagainto determinethe 
consistencyof theirpreviousimportanceratings. A Final Questionnairerequiredcontrollersto 
makeratingsonthe effectiveness,usability,andacceptabilityof the memoryaids. 

As expected,the results indicated that the memory aids greatly decreasedthe number of ground-
to-air transmissions, including both altitude and heading assignments. Also, the memory aids 
reducedthe number of handoff misses, but did not affect the number of conflict errors. 
Controllers' and the expert observer's ratings of performanceindicated that the memory aids 
appearedto slightly increaseperformance in low traffic scenarios,but seemedto slightly 
decreaseperformance in high traffic scenarios. Controllers' ratings of SA were higher with the 
memory aids, but the SAGA T measuresindicated that the memory aids had no effect on SA. 
Contrary to expectations,controllers' ratings of workload were not affected by the memory aids. 
Overall, the memory aids did not improve controller performance, increaseSA, or reduce 
workload as much as expected. Controllers' commentsindicated that the memory aids may have 
beenmore effective if they had more time to learn the experimental arrival and departure 
procedures. Although some disadvantageswere mentioned, most controllers felt the memory 
aids were helpful, and the ratings of effectiveness,usability, and acceptability were favorable. 
Controllers' comments suggestedseveralways that the presentSAGAT procedure could be 
improved in future research. 
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1. INTRODUCTION. 

1.1 PROBI,EM STATEMENT. 

Memory is an elusive construct that can have a major impact on human performance in complex 
systems. To the extent that an operatordependson his/her memory, there is always a potential 
for either forgetting necessaryinformation or ineffectively coding and storing it. In both the near 
and far terms, it really does not matter why the information was not there when it was needed. 
What matters is that the lack of accurateinformation led to an ineffective decision or a 
maladaptive behavior that had a negative impact on systemperformance. Whatever human 
memory is, it both extendsand limits human performance. 

Air traffic control (ATC) is a systemthat is not very error tolerant. Small mistakes can lead to 
costly situations, which fortunately, in most cases,are recoverable. It is not unusual for a 
controller who has made a mistake to admit that he/she forgot something. What they have 
forgotten, or have not successfullyretrieved, is a piece of data aboutthe way things are (the 
current situation) or the way things will be if they had done what they intended to when the plan 
for an aircraft or situation was establishedand stored in memory. 

WarmandDember(1986)discussedlevelsof alertnessandwhatwe would call, today, 
situationalawareness(SA). Theyexpressedconcernthatsystemsarenot universallywell 
designedto fosterthe level of attentionandcomprehensionnecessaryfor continuoussuccessful 
operations.Theirviews applyto the complexworld of ATC aswell asto otherhigh-reliability 
organizations.The researchreportedherewasbegunin an attemptto improvecontroller 
performance,giventhe ATC systemasit existstoday. 

1.2 ASSUMPTIONS AND GOALS. 

Controllers work in a very dynamic world in which things are constantly changing, and these 
changesimpose themselves on what the controller is currently trying to accomplish. Keeping up 
with cognitive processing or SA is critical, but not always successful. This multi-year program 
of researchin controller memory enhancementbeganin 1989 with a few assumptionsand some 
very specific goals. Assumptions included the belief that the program would not solve all 
controllers' problems and that there were other dynamics that lead to errors besidesmemory 
lapses. It was also assumedthat controllers neededhelp in the here-and-now rather than in the 
sometime future, when hardware and software may be very different. Thi,smeant that the 
memory program focused on the current state-of-the-artand on what could be done to reduce the 
probabilities of memory lapses in the systemas it exists. 

The specific goal of the researchreported in this documentwas to examine the feasibility of 
some very basic memory aids in terms of their effect on controller performance and SA. 
Measuresof SA were to be used as indicators of the controllers' current working memory store. 
These conceptswill be more clearly defined in latter sectionsof the report. 

ATC is a human-centered systemsupported by rapidly aging technology. Controllers are 
exceptional human beings who make the systemwork despiteits and their limitations. It is the 
safest systemof its level of complexity in the world. "Human factors issueshave becomethe last 



frontierof aviationsafety. If significantimprovementsareto bemadein the technologyof 
aviationsafety,theymustcomein theareaof humanfactors"(AmericanPsychological 
Association,HumanFactorsandErgonomicsSociety,andFederationof Behavioral, 
Psychological,& CognitiveSciences,1994). 

Technological advancementscontinue to be madeto meetthe ever increasing demands for 
service. Numerous hardware and software tools have beendevelopedto improve the safety and 
productivity of the ATC system. Yet, despiteall the automatedand semi-automatedaids 
available, controllers must still make use of the sameskills they relied on previously. That is, 
they must still plan, organize, scan,decide, and remember. As they do thesethings, often 
simultaneously, there remains the possibility for human error. An FAA task force (Operational 
Error Analysis Work Group, 1987)studied the frequency and possible reasonsfor operational 
errors in ATC. An operational error representsa mistake made by a controller, which fortunately 
leads, in most cases,only to a minor violation of airspaceseparationstandards. The task force 
identified memory lapsesas one major sourceof sucherrors. 

While controllers add flexibility and adaptability to the system, they also add the potential for 
error, as Sendersand Moray (1991-)have described,"All of us have experiencedhuman error. 
When we interact with machines or complex systems,we frequently do things that are contrary 
to our intentions. Depending on the complexity of the systemand the intentions of the people 
interacting with it, this can be anything from inconvenience (often it is not even noticed) to a 

genuine catastrophe." 

Memory requirements in ATC are continuous. Air traffic controllers are surrounded by sources 
of information from which they must selectthe most critical components. They must then code 
and store this data. However, this is not always done effectively. One of the most common 
expressionsuttered by controllers who have made an operational error is, "I forgot!" When 
information is not effectively stored in a timely fashion, it is either not available when needed or 
it will be retrieved incorrectly. Without ready accessto information, SA may not be adequately 
maintained, and a crisis may result. 

In 1993,therewere764controlleroperationalerrorsin theUnited States(FederalAviation 
Administration,1994). This representeda slightincreasefrom 738errorsthepreviousyear. The 
FM is constantlyworking towardseliminatinganysucherrors. Effortsto enhancecontroller 
memoryaredesignedto assistthe FM in reachingthis goal. 

1.3 MEMORY RESEARCH LITERATURE 

In an early comprehensive study of controller errors, Kinney, Spahn,and Amato (1977) analyzed 
FAA reports and developed eight categoriesof errors. Theseincluded: controlling in another's 
airspace,timing and completenessof flight datahandling, inter-positional coordination of data, 
use of altitude on the display, proceduresfor scanningand observing flight data,phraseology and 
use of voice communications, use of human memory to include relying on recall in a noisy 
environment, and dependenceon automatic capabilities. 

The FAA usesa differentsetof categoriesto classifyoperationalerrors,andtheyinclude: radar 
display,communication,coordination,aircraftobservation,dataposting,andpositionrelief 

2 



(FederalAviation Administration,1988). By far, the mostfrequentsourceof errorsidentified by 
the FAA wasin a subclassof "radardisplay: themisuseof data." This categoryimplies that 
informationwasavailableandwaseithermisinterpretedor inaccuratelystoredin working 
memory. It is clearthatmosterrorsarenotinducedby taskloadand,in fact, mostoftenoccur 
during low to moderatelevelsof environmentaldemand.This finding transcendsnational 
boundariesandhasbeendemonstratedin analysesof errorsconducted,for example,by Transport 
Canada(Stager& Hameluck,1990). Theseauthorssuggestthatprevioustaxonomiesof errors 
havebeenincompleteandmayhavemissedinformationprocessingfailuresthat subsequentlyled 
to inappropriateactions. 

The rate at which information flows through the A TC workstation cannotbe completely 
controlled (Sperandio, 1971; Kirchner & Laurig, 1971; Thomas, 1985). The amount of 
information and the speedwith which it can be processedare limited (Finklman & Kirchner, 
1980; Spettel & Liebert, 1986; Warm & Dember, 1986). Controllers must, therefore, be able to 
manage memory successfully in order to selectand retain all of the critical elements that confront 
them. 

Opinions concerning the extent of human information processinglimits have varied 
considerably. Miller's (1956) conceptthat we processabout 7 (plus or minus 2) chunks of 
information at anyone time has becomeaccepteddoctrine, despitethe fact that evidence has 
shown otherwise under certain conditions (Klapp, Marshburn, & Lester, 1983). The "7 plus or 
minus 2" view may be relevant for static memory where there are few external sourcesof 
interference, but may be too optimistic for dynamic memory which is the reality of most 
complex command and control systems(Moray, 1986). It is likely that actual working memory 
is a multi-operational systemwhich includes static memory, dynamic memory, and attentional 
components (Baddeley, 1986). Long term memory, which contains practically an unlimited 
storehouseof information gatheredover a lifetime, may be an assetor a liability depending on 
how it assiststhe managementof working memory and SA. This is where the action is in ATC. 

Working memoryfor the airtraffic controlleris dynamic. In orderto manageaircraft, 
informationmustbe capturedandretainedfor tacticaluse(3 to 5 minutes)and,secondarily,for 
strategicplanning. Eachaircraft'scall sign,type,route,andsoforth, mustberetainedfor aslong 
asit is underanindividual's control,andthendiscarded.While undercontrol, otherinformation 
(e.g.,altitude,speed,anddirection)mustbe continuouslyupdatedandreadilyaccessibleso that 
separationof aircraftcanbemaintained.Controllers'memoryrequirementsarefurtherburdened 
by additionaldemands,suchasinclementweatheror emergencysituations,which mayrequire 
deviationsfrom the usualexpectedcoursesof action. 

Flight stripsservein today's systemasmultifacetedtools for maintaininganongoingrecordof 
eventsassociatedwith eachaircraft. Controllersarerequiredto annotatethesestripswith 
changesthattheymaketo the flight plansalongwith otheroperationalconsiderations(Federal 
Aviation Administration,1989). In additionto writing notes,controllersoftenrearrangestrip 
placementto actasremindersasto whattheyhavedonewith aircraftandwhattheywill needto 
do in the future. The importantconnectionbetweenflight stripsandcontrollermemoryhasbeen 
notedby Vortac (1991). This reportindicatedthatmemoryis essentialin understandingthe 
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relationshipbetweenflight stripsandcontrollerperformance.However,the relationshipmaynot 
beobvious. 

The value of flight strips has recently beenaddressedby a study conducted at the Civil 
Aeromedical Institute (Vortac, Edwards, Jones,Manning, & Rotter, 1992). The authors noted 
that although controllers often view flight progressstrips asunimportant, they do usethem. 
Their study focused on controller behavior in a simulated enroute environment and found that 
note-writing on strips was one of the more frequent activities engagedin by controllers. This 
group found that as controllers becamebusier in higher-complexity scenarios,they fell behind in 
updating the strips. Further, controllers increasedthe number of requestsfor information from 
pilots in higher-complexity scenarios,implying that they could not remember or retrieve all the 
data they needed. 

Technologymayhavean impacton howoperatorsdealwith information. In moreautomated 
systems,it is likely thatpaperflight stripswill beeliminatedandreplacedby electronicmedia. It 
hasbeenduly notedthatthe impactof automatingthetaskscurrentlyundertakenwith paper 
flight stripsmustbedetermined,sincetheirvaluehasbeensowidely emphasized(Garland, 
Stein,Blanchard,& Wise, 1992). Hopkin(1991),writing aboutfutureautomatedsystems, 
commentedthatpaperstripsmaywell servebeyondtheir originally intendedpurpose.Hopkin 
hassuggestedthat stripmanagementactivitiesassistin themaintenanceof SA, helpcontrollers 
rememberperformedandto-be-performedactions,andalsohelpcontrollersplan strategiesfor 
directingtraffic. Theproposedremovalof paperflight stripshasraisedthe concernthat 
controllerswill bemore likely to loseSA sinceactiveinvolvementwith themwill beeliminated 
(Hopkin, 1991;Jackson,1989). 

An important aspectof flight strip managementis that it allows controllers to organize . 
information, enabling it to be recalled more efficiently. The relationship between organization 
and memory has beenwidely reported in the psychological literature. Those who organize 
information more extensively have beenable to recall more items at the time of testing than those 
who organize less (Tulving, 1962). Bower, Clark, Lesgold, and Winzenz (1969) found that more 
words were remembered at the time of testing if they were initially presentedaccording to an 
organized framework, suchas by category(e.g., metals, stones),than if they were presented 
randomly. Benefits are also observed when the organizational schemeis self-imposed. 

Means et al. (1988) studied the way that enroute controllers organized aircraft. They observed 
that controllers recalled aircraft in groups, invariably drawing one group at a time when tested. 
When askedto name the groups, controllers labeled them in accordancewith a specific type of 
traffic issue (i.e., arrivals or crossing traffic at a specific fix). Geographical proximity played less 
of a role in grouping than did the interaction and potential conflicts betweenmembers of a group. 
Organization of information has beenidentified asthe one factor which has the greatest 
probability of improving memory performance in ATC (Vortac, 1991). 

Vortac, Edwards, Fuller, and Manning (1994) examinedthe potential impact of limiting the 
ability of controllers to organize information by sorting flight strips. They comparedthe 
performance of controllers working with limited unmovable strips to that of controllers who 
could work the way they normally do in today's enroute ATC environment. Overall 
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performance measures,surprisingly, did not find differences betweenthe two groups. The 
authors did find a difference in prospective memory in that controllers with restricted strips 
recalled more delayed pilot requestsand granted them sooner. The authors concluded that 
restricted strips did not interfere with performanceand may reduce controller information 
processing workload. However, this conclusion should be consideredpremature. It implies 
acceptanceof the null hypothesis that there are no differences betweenthe groups, a conclusion 
that every new statistics studentis warned againstbecauseof the high probability of statistical 
error. The authors' main contribution may have beenin finding interesting ways of looking at 

prospective memory. 

In anotherexperiment,Vortac etal. (1994)examinedthe impactof flight strip automationon 
controllerefficiency. Efficiencywasdefinedsimplyasthe numberof controlleractions 
remainingto clearthe airspacewhenthe ATC simulationscenariowasstoppedaftera standard 
time period. Threelevelswereusedfor automation.No automationinvolvedstandardflight 
strips. Partial automationinvolvedautomaticstripupdating,butthe controllercould still move 
andhighlight strips. In full automation,the controllerhadno control overthe strips. Again, the 
researchersfoundno significantdifferencesbetweenthegroups.Theauthorsnoteda slight 
advantagein prospectivememoryin thatcontrollersusingfull automationtendedto granta few 
moredelayedpilot requests.Memoryfor anticipatedactionsorprospectivememoryis a critical 
componentof ATC. However,verylittle researchhasbeenaccomplishedthatshedsanylight on 
it. 

Activities like note-writing and other flight strip managementtechniques (e.g., rearranging) may 
be important to memory for other reasonsas well. There is a finite possibility that motoric 
enactment,the physical manipulation of something like flight strips, may be the key to 
remembering future planned actions. The benefits of physical activity on memory have been 
found in other domains. Koriat, Ben-Zur, and Nussbaum(1990) found that performing action 
phrasessuchas, "tear up a sheetof paper" and "blow up the balloon," enhancedrecall of those 
phrases. Memory for phraseswhose actions were only imagined was not as high. Activity may 
involve a deeperlevel of processing,making information more memorable and accessible,as 
Norman (1992) recently indicated. By comparing drawing to taking a picture ofa scene,Norman 
described that, ". ..the act of drawing requires a degreeof concentrationand study that 
intensifies the experience." 

Memory issuesare involved in virtually every aspectof ATC. So far in this discussion, memory 
has beentreated as if it were an independentconstruct, which it really is not. The focus on 
memory in applied settings has changed in recenttimes and the more modem construct has been 
referred to as SA. It has not always beenclear at what point memory ends and SA takes over. It 
does seemapparent,however, that memory, in one form or another, is an essential component of 
SA. Flach (1994) seesthe SA construct as a challengeto traditional thinking concerning 
researchin complex person-machinesystems. He arguesfor a more holistic approachwhich 
takes into consideration context, workload, and performance as critical issuesin systems 
operations. There have beena number of definitions of SA that have beenoffered during its 
relatively short history. Endsley (1989) defines SA as "the perception of the elements in the 
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environmentwithin a volumeof time andspace,the comprehensionof theirmeaning,andthe 
projectionof their statusin thenearfuture." 

Thereappearsto beno generalagreementon whatconstitutesSA (Tenny,Adams,Pew,Huggins, 
& Rogers,1992). Hitchcock(1993)commentedthat SAremainslargelyundefinedbut "not asa 
resultof a lackof trying." Commonelementsseemto includetheoperatorsunderstandingof the 
meaningof eventsandthe ability to anticipatetheconsequencesof actions. Tennyetal. (1992) 
reviewedsomeof thetheoriesof SA andhumancognitiveprocessing.Theyconcludethat 
"peoplecanconsciouslythink aboutonething atatime." Working memoryhaslimitations and 
mustbe supportedby long termmemoryfrom which it mustretrieveessentialinformationafter 
appropriatecuing. This all takesadditionalprocessingandeffort. Garland,Stein,Blanchard, 
andWise (1993)notedthatworking memoryandSAaredependentonlong term memoryfor 
guidanceandorganization. 

EndsleyandBolstad(1993),in an attemptto clarify themeaningof SA, emphasizedthe 
importanceof perceptionfor bothworking andlong termmemory. As the individual operator 
constantlyupdatesSA, perceptionplaysa pivotal role. Any inaccuracies,mis-sampling,or 
mis-allocationof attentioncanleadto incorrectworking memoryandsubsequentlossof SA. 
TheseauthorsobtainedsomepositivecorrelationsbetweenSA scoresandbasicperceptualtest 
measures,suchasperceptualspeed.Theycautionedthattheir datawaspreliminaryandbasedon 
smallsamplesof pilots. 

SarterandWoods(1991)havealsoexpressedconcernaboutthe lackof agreementconcerning 
whatconstitutesSA. However,thesameissuehasbeenraisedwith manyof the constructsthat 
humanfactorsspecialistsuseeveryday,suchas"workload,"andin manyrespects, 
"performance."TheauthorsnotedthatwhateverSAis, it resultsfrom recurrentsituation 
assessmentsby the operator. Theyarelimited by working memoryandattentionalcapacity,but 
alsoinvolve perceptionandpatternmatching.Working memoryaloneis notthe samething as 
SA. 

SarterandWoods(1991)concludedthatdefinitionsof SA shouldincludebothcurrent 
infonnation, whichis consciouslyavailablein workingmemory,andinfonnationwhich is 
availablefor retrievalwhenrelevantto the situation. Their definitionof SA involves"the 
accessibilityof a comprehensiveandcoherentsituationalrepresentationwhichis being 
continuouslyupdatedin accordancewith theresultsof recurringsituationassessments." 

The evolutionof the SA constructhasledto the developmentof measurementconceptsto 
quantifythe construct.Admittedly,the majorityof this work hasfocusedonaircraftcockpits 
andthe awarenessof its pilots. However,aswill be seenlaterin this report,the work donefor 
pilot SAhasprovidedresourcesto build a foundationin ATC. 

Endsley(1990)notedthatearlywork involvedfighterpilots andperformancein simulations 
relatedto kills andlossesin dogfights. SAwasevaluatedverysubjectively. Sherefersto her 
measurementmodelasthe SituationAwarenessGlobalAssessmentTechnique(SAGAT). 
SAGAT involvesdevelopinga questionsetbasedonpotentialeventsin a scenario.Questions 
arerandomlyselectedfrom the set. The flight scenariois frozenata predeterminedpoint in 
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time. The pilot is removedandaskedto respondto thequestions.Thecorrectnessof answersis 
determinedby referringbackto whatwasactuallyhappeningatthe pointof scenariofreeze. 
Scoringrequiresstoringthatinformationin analogor digital fashionsothatcomparisonscanbe 
madeposthoc. 

Theoryandresearchhavebeendevelopedandconductedon memoryfor manyyears. Work that 
specificallyaddressestheneedsof airtraffic controllershasbeena relativelyrecentevent. At 
leastsomeof this work hasbeenconductedatthe FAA TechnicalCenterin Atlantic City, New 
Jersey. 

1.4 MEMORY RESEARCH AT THE FAA TECHNTCAT~CENTER. 

Thegoalsof the FAA controllermemoryenhancementprogramhavebeento conductresearchto 
examinethe factorsaffectingcontrollermemoryandto identify anddevelopmemoryaidsthat 
would assistcontrollersonthejob. Vingelis, Schaeffer,Stringer,Gromelski,andAhmed (1990) 
examinedtheoreticalconceptsof memoryandidentifieda workablecognitivemodel for 
controllersthatencompassedmemoryissues.Theseauthorsadapteda model originally 
developedby Rasmussen(1987),whichinvolveslevelsof functioningfrom skill-basedto 
knowledge-baseddomains. Eachof thesedomainshasits ownuniquesourcesof memory­
inducederror. Vingelis etal. definedcontrollershorttermorworking memoryin termsof its 
functionalrequirements(including attentionandrehearsal),its contents,organizationalstructure, 
operationalcapacity,andlimitations. 

Theauthorsemphasizedtheimportanceof organizationin memory. However,their model 
focusedonthe moretraditionalandstaticconceptsin memory,suchasthemagic number7 plus 
or minus2 (Miller, 1956). Theydid not considertheincreasedlimitationsimposedby the 
dynamicaspectsof ATC andthe factthatdynamicmemorymaybe considerablymorelimited 
thanwas originally thought(Garlandetal., 1993). In fact, in a dynamicenvironment,the 
amountof informationan operatorcanrealisticallyhandlemaybe downto threechunks. 

Another component of the memory project involved the developmentof the Controller Memory 
Handbook (Stein & Bailey, 1989). This documentwas createdbasedon the memory literature as 
applied to person-machinesystems. This handbookcombined text and cartoon graphics in an 
attempt to transfer some key principles of memory to the controller community. As a follow-up 
to the Controller Memory Handbook, copies were sentto a selectednumber of facilities along 
with a two-part evaluation questionnaire. In the first part, respondentswere askedto rate the 
handbook. In the second,respondentswere requestedto describe how they handled memory on 
the job in their facilities. Results indicated that personnelliked the handbook and found it useful, 
although some controllers felt that it was too basic to meet their needs. An evenmore significant 
finding was the willingness controllers expressedfor stating both the nature of their problems 
and the techniques they usedto deal with them (Stein, 1991). 

Respondentsidentifiedthe following causativeissues:coordination,attention,distraction, 
fatigue,change,overload,andpositionrelief briefIngs. Therewassomeoverlapbetweenthese 
results,thoseof Kinney etal. (1977),andthosereportedby the Office of Aviation Safety 
(FederalAviation Administration,1987,1988). Controllershadtheir ownideasof whatworked 
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for them to help reducethe probability of memory lapses. Most of thesecentered on what they 
would call "good housekeeping." This implies the useof effective organizational skills and 
consistentadherenceto proceduresthat controllers are theoretically taught to do, but do not 
always do in practice. 

A two-stepresearchprocedurewasinstitutedin 1991(Gromelski,Davidson,& Stein,1992). 
The first stepof this procedurewasa mail surveyof facility managers.This wasfollowed up by 
face-to-faceinterviewswith 170controllersatfacilitiesacrossthe continentalUnited States. 
Oneof the mostsignificantfindingsof this studywasthatcontrollerswereawareof the memory 
issuesandof the aidsavailablewithin the systemasit existstoday. However,theyresistusing 
themfor the samesortsof reasonsthatleadthemto be reluctantto askfor helpif theyare 
overloaded.This somehowviolatesthe controllerculture. Controllersdid indicatethat flight 
strip managementactivities,includingflight striporganization(cocking,tilting) andmarking 
(keepingnotes),werethe mostusedmemory-aidingtechniques.Theyalsoagreedthatgood 
controllersengagein certaindesirablebehaviors.Theypreplanactions,prioritize work 
sequences,organizeaircraftinformation,anticipatefuturestatesor problems,anduseeffective 
communication. 

Zingale, Gromelski, and Stein (1992) examined someof theseconcerns in a laboratory setting in 
which systematic control was possible. Thesewere the first experiments in a seriesleading to 
the researchdescribed in this report. The authorsworked with college studentswho were 
studying to be pilots and had no background in ATC. They were taught the principles of control 
and were tested using a personal computer-basedsimulation, TRACON II. TRACONII was 
originally designed as a computer game,and part of the purpose of thesestudies was to evaluate 
the feasibility of using it as a tool to study control performanceand memory issues. 

In one experiment, participants were either encouragedor discouraged from developing 
operating strategies in advanceof controlling traffic. Results indicated that this had little impact 
on performance. In a secondexperiment, the availability of planning time prior to working 
simulated traffic (2 minutes vs. 5 minutes) was tested. This also did not make a difference. In a 
third experiment, participants were tested for recall of critical flight information after being given 
the opportunity to mark flight progressstrips. Thosewho usedthis memory-jogging technique 
tended to recall more information and perform better in their control duties. Further, those who 
wrote on the strips reported lower perceivedworkload at the end of the simulation than those 
who declined to write. It was recognized that the decision to write or not may well have been 
associatedwith what eachparticipant brought with him/her to the study, including basic abilities 
and self confidence. This study did demonstratethat the use of college studentsas an analog 
sample for air traffic controllers was not really viable. It becameclear that actual controllers 
would have to be employed in the future. 

Sincetheresultsof thethird experimentsuggestedthatnote-writingon flight stripsmaybe 
importantto memoryandperformancein ATC, anadditionalexperimentwasconductedto 
directlyevaluatethe effectof this flight stripmanagementactivity on SA andcontrolability. 
Maintaining SA involvesthe ability to accesscritical informationaboutaircraft, suchasaircraft 
locationandcurrentstatus(e.g.,altitude,speed).A lossof SA, forgettingaboutanaircraft, or 
whatactionsneedto betaken,canresultin seriousconsequences.The experimentinvestigated 
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the effect of note-writing on the control performance and SA of actual controllers recruited at the 
Technical Center (Zingale, Gromelski, Ahmed, & Stein, 1993). SA was assessedby testing each 
participant's knowledge of aircraft position and the last command issuedto each. As in the prior 
study, TRACON II, an ATC simulator for the personal computer was the testing device. 

This study introduced severalinteresting artifacts which led to questions concerning the potential 
for TRACON II as a test bed. While SA and perfoffilance did not vary in relationship to the test 
conditions which involved manipulating taskload, a relationship betweenthem and prior video 
game experiencewas identified. Controllers with low self-assessedvideo game experience 
showed improved SA when they were allowed to write on the strips. Those with high video 
game experience did as well in the no writing as in the writing conditions. The principle artifact 
here may well have beenhow controllers entercommands in the real world as compared to how 
they do it in TRACON II. In ATC, they give their commandsverbally over a radio net. In 
TRACON II, they do it with a keyboard. This raisesquestions about automation issuesand how 
future systemswill use their human resources. Anticipated improvements involve a great deal 
more key punching and considerably fewer verbal commands. 

Additional results indicated that controllers were less able to rememberthe call signs of aircraft 
in this experiment in which control commandswere typed, than they are on the job in which 
commands are issued verbally. Controllers recalled an averageof 82 percentof the call signs in 
this experiment. One participant recalled only 20 percent. This result suggeststhat critical 
information may be lost under conditions in which keyboard entries are usedto communicate 
with aircraft, and has important implications for systemsrequiring keyboard rather than verbal 
communication. The current study would avoid theseartifacts, becauseit employed moderate to 
high fidelity simulation in which controllers had the opportunity to do the job the way they 
normally do it. 

2. EXPERIMENT. 

2.1 PURPOSE. 

The purpose of this researchwas to develop and evaluate memory aids intended to improve air 
traffic controller effectiveness by increasing SA and reducing memory-related errors. The 
primary memory aids investigated were specially-designedarrival and departureprocedures. 
These memory aids can be implemented in the currentNational Airspace System (NAS) and may 
be equally useful in the future system. A secondarygoal was to investigate the affect of the 
proposed memory aids on controller SA and workload. 

2.2 MEMORY AIDS. 

The memory aids evaluated in this study were basedon StandardTerminal Arrival Routes 
(STARs) and StandardInstrument Departures(Sills). STARs and Sills are preplanned 
instrument flight rules (IFRs) published for pilot useand intended to provide transition between 
the en route and terminal environments. The experimentalarrival and departureprocedures 
designed for the present study differed from basic STARs and Sills in several important ways. 
Although most STARs and Sills are rather simple proceduresand involve a single navigation 
fix, the experimental arrival and departureproceduresconsistedof navigation to a sequenceof 
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fixes. Also, most STARs and Sills do not involve altitude clearances. However, the 
experimental arrival and departureproceduresconsistedof multiple altitude changesat 
designatedfixes. Most small airports only have a few STARs and Sills, while many 
experimental arrival and departureprocedureswere defined in the presentstudy. The 
experimental arrival and departureprocedureswere intended to reducethe need for controller 
communications and to direct arrival and departureaircraft entirely through the terminal 
environment. The arrival and departureprocedureswere designedto structure (standardize)the 
flow of traffic arriving from and departing to many different locations. It is important to note 
that the arrival and departureproceduresdid not guaranteesafe aircraft separation,and many 
aircraft in the simulation were not using the experimentalprocedures. Therefore, controllers still 
had to monitor radar display activity and take appropriate actions when potential conflicts were 
detected. 

Theoretically, the experimental arrival and departureprocedurescould potentially improve SA 
for air traffic controllers in severalways. First, it was expectedthat controllers would need to 
spend less time exchanging communications with pilots. Therefore, more time could be devoted 
to scanning the radar display, reviewing flight progressstrips, and performing other activities 
that should increaseSA. Once the experimental arrival and departureprocedureshave become 
familiar to controllers, they could serveas a "schema" or "mental model" for organizing and 
remembering aircraft information. A related potential benefit involved the predictability of 
aircraft movements that derive from knowledge of the arrival and departureprocedures. Aircraft 
following the sameexperimental arrival or departureprocedure sharea common flight plan 
which may serve as a basis for "chunking" the information from different aircraft into a single 
unit that could be more easily remembered. 

2.3 AIRSPACE AND TRAFFIC SCENARIOS. 

One of the primary concerns in this experimentwas to createa realistic simulation of Atlantic 
City International Airport (ACY) TRACON for controllers. To achievethis objective, an air 
traffic control specialist (A TCS) visited the tower and studied ACY operations. The A TCS 
talked with controllers aboutnormal operating procedures,observedradar displays, and listened 
to communications while controllers conducted actual air traffic. Also, airspaceboundary data, 
letters of agreement,and flight progressstrips of actual air traffic were.obtained. This 
information was usedto develop a realistic depiction of ACY airspaceand construct realistic 
traffic scenarios. It was believed that the efforts invested in creating a realistic simulation would 
further motivate participant controllers and increasethe credibility of the researchresults. 

Using the information obtained from the ACY tower, the airspacewas constructed with a few 
minor modifications. Three additional points in spacewere necessaryto define the experimental 
arrival and departureproceduresthat would be used. Also, the altitude boundary of ACY 
airspacewas increasedfrom 7,000 feet to 17,000feet. This was done so that aircraft arriving, 
departing, and overflying at high altitude would be worked by ACY controllers instead of en 
route controllers. This modification allowed the arrival and departureproceduresto do more 
work for the participant controllers. Finally, only four airports were representedin the simulated 
airspace, although there are as many as six airports in the vicinity. However, very little air traffic 
is associatedwith either of the two minor airports that were not represented. 
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ScenarioswereconstructedthataccuratelysimulatedACY airtraffic. Manyof the aircraftcall 
signswerefamiliar to controllersandrepresentedcommonair carriersthatoperatein ACY 
airspace.However,sincemostof ACY airtraffic doesnot consistof air carriers,the scenarios 
depicteda largemajorityof generalaviation(GA) aircraft. Mostof the aircraftwerearriving to 
anddepartingfrom ACY. However,a smallproportionof theaircraftusedthethreeminor 
airportsin the region. Aircraft arrivedto anddepartedfromthesimulatedairspacein the same 
generaldirectionsastypical ACY traffic. All scenariosstartedwithout anyinitial aircraft onthe 
radardisplay. Then,aircraft steadilyappearedcreatinga buildupof aircraftandmaintainingthis 
level of traffic until the conclusionof thescenario.Thescheduledrateof appearancefor aircraft 
waschangedto representeithermoderatelybusytraffic conditions(hereafterreferredto as low 
traffic) or extremelybusytraffic conditions(hereafterreferredto ashightraffic). It wasdecided 
thatscenarioswould representIFR conditionsandtherefore,only IFR traffic wasscheduled. 

3. METHOD. 

3.1 PARTICIPANTS. 

Sixteen air traffic controllers from ACY TRACON volunteered for this study. Volunteers were 
assuredof their anonymity and confidentiality. All participants were full performance level 
(FPL) controllers with normal or corrected-to-normal vision and had actively controlled traffic 
for 12 months prior to the study. An Initial Questionnairewas completed by eachcontroller to 
describe the background characteristicsof participants in this study. Controllers ranged in age 
from 24 to 40 years old (Mean=33.13, SD=5.38) and ranged in experience from 1 to 20 years of 
active service (Mean=7.72, SD=6.13). Additionally, controllers provided self-ratings of four 
personal attributes that could affect simulation performance. Ratings were indicated on a scale 
ranging from 1 (meaning low/poor) to 10 (meaning high/good) on eachquestion. The attributes 
included controller skill (Mean=7.50, SD=0.97), motivation (Mean=8.63, SD=1.26), health 
(Mean=8.88, SD=1.09), and video game experience(Mean=4.88, SD=2.94). 

3.2 SIMULATION FACILITY. 

The experiment was conducted in the Human Factors Laboratory (HFL) at the FAA Technical 
Center in Atlantic City, New Jersey. The experimentalapparatusconsisted of a state-of-the-art 
controller workstation with a large high-resolution graphics display, voice communication 
equipment, networked computer resources,and A TCoach simulation software (copyright UFA 
Inc., 1992). The simulation was conducted by a researchpsychologist and an ATCS observing 
the participant in one experimentroom. A voice communication link to another experiment 
room allowed the controller to issuecommandsto personnelserving aspseudopilots. Two 
trained pseudo pilots provided realistic voice feedbackto controllers and operatedaircraft using 
simple keyboard commands. Additionally, the pseudopilots servedas ghost controllers to 
simulate interaction with other controllers. As part of the simulation materials, flight progress 
strips were printed and time-ordered in a strip bay prior to the start of eachscenario. During the 
simulation, audio-visual equipmentwas usedto film participants. Permanentrecordings of the 
controller's radar display, voice communications, and actions were made for future reference. 
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3.3 EXPERIMENTAL DESIGN. 

The main independentvariable of the experimentwill be referred to as the MEMORY condition. 
This manipulation required that controllers perform 8 different test scenariosover 2 days of 
testing. On one of the days, controllers used their own techniques without any special 
instructions from the experimenters. On the other day, participants usedthe specially-designed 
arrival and departureproceduresas memory aids while controlling traffic. In order to evaluate 
the effectiveness of the memory aids, performance on both days was compared. The second 
independentvariable will be referred to asthe TRAFFIC condition. This manipulation involved 
constructing four scenarioswith a low volume of air traffic and four scenarioswith a high 
volume of air traffic. Low traffic scenariosconsistedof 5 arrivals, 5 departures,and 4 overflights 
for a total of 14aircraft appearing within the 3D-minute duration of eachscenario. High traffic 
scenariosconsisted of 8 arrivals, 8 departures,and 7 overflights for a total of 23 aircraft 
appearing within the same3D-minutetime period. The experimental design can be summarized 
as a 2 x 2 within-subjects (or repeatedmeasures)design with the factors MEMORY (no memory 
aids, memory aids) and TRAFFIC (low, high). A summary of the experimental design is 
presentedin table 1. 

TABLE 1. A SUMMARY OF THE EXPERIMENTAL DESIGN 

NO MEMORY AIDS MEMORY AIDS 

2 scenariosLOW TRAFFIC 2 scenarios 

2 scenariosillGH TRAFFIC 2 scenarios 

The main dependentvariables of the experimentcan be categorizedinto three different areasof 
interest. The first areaof interestwas ATC perfonnance or systemeffectiveness. The present 
experiment used a long list of common perfonnance measuresthat have beenexamined in 
previous ATC simulation research(Buckley, DeBaryshe,Hitchner, & Kohn, 1983). Although all 
measureswere examined initially, this study will report someof the more important results from 
a much smaller subsetof variables. The perfonnance measuresincluded were: the number of 
conflict errors, handoff errors, controller assignments,controller transmissions, aircraft density, 
and flights completed. The secondareaof interestwas SA which was assessedusing a 
modification of the Situational AwarenessGlobal AssessmentTechnique (SAGAT). The two 
SAGAT variables examined were the accuracyof controllers' responsesin the infonnation recall 
and spatial location phases. The third areaof interestwas controller workload, which was 
assessedusing the Air Traffic Workload Input Technique (ATWIT). In addition to the measures 
just mentioned, ATC perfonnance, SA, and workload were assessedusing subjective ratings 
provided by participant controllers in a Post-ScenarioQuestionnaire. Two final variables 
included ratings of perfonnance and workload provided by the ATCS in an ObserverChecklist. 
A complete list of all the dependentvariables and their acronyms is presentedin table 2. 
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TABLE 2. DEPENDENTVARlABLES WITH ABBREVIATIONS AND 
DESCRIPTIONS 

Ob_iectivePerformanceVariables 

Abbreviation 

NCNF 
Description 

Numberof Conflicts 
(lessthan3 milesand1,000feetseparation) 

Numberof HandoffMissesNHOMISS 

NALT 
NHDG 
NSPD 
NPTT 
CMAV 

(aircraftcrossingboundarywithoutbeinghandedoff) 
Numberof Altitude Assignments 
Numberof HeadingAssignments 
Numberof SpeedAssignments 
Numberof Ground-to-AirTransmissions 
CumulativeAverageof SystemActivity or Aircraft Density 

(numberof aircraftwithin 8 milesof anotheraircraft) 
NCOMP Numberof FlightsCompleted 

Situational AwarenessVariables 

Abbreviation 

SGTIR 
SGTSL 

Descri12tion 

Percentageof PointsObtainedin the InformationRecallPhase 
Percentageof PointsObtainedin the SpatialLocationPhase 

Controller Workload Variables 

Abbreviation 

ATWIT 
Description 

Air Traffic Workload Input Technique Rating 

Post-Scenario Sub_iectiveVariables 

Abbreviation Description 

PSQWRK Controller'sWorkloadRating 
PSQPFM Controller'sPerformanceRating 
PSQSAW Controller'sOverallSituationalAwarenessRating 
PSQCAL Controller'sCurrentAircraft LocationAwarenessRating 
PSQPAL Controller'sProjectedAircraft LocationAwarenessRating 
PSQPSV Controller'sPotentialSafetyViolationsAwarenessRating 
PSQDIF Controller'sScenarioDifficulty Rating 

ExpertObserverVariables 

Abbreviation 

OBSWRK 
OBSPFM 

Description 

ExpertObserver'sWorkloadRating 
ExpertObserver'sPerforman~ting 
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3.4 PROCEDURE. 

When controllers arrived at the HFL, they were given a welcome tour of the facility and briefed 
on how the experiment was going to be conducted, what was expected from them, and their 
rights as volunteers. Next, controllers completed the Initial Questionnaire and an Information 
Importance Form. The Information Importance Form required participants to make importance 
ratings for different types of ATC information. The purposeof this form was to determine what 
information controllers thought was most important to them for consideration in future memory 
aids research. Then, participants performed 5 scenarioson eachof the 2 testing days. As 
controllers worked eachscenario,an ATCS made over-the-shoulderobservations and completed 
an Observer Checklist. After eachscenariowas finished, controllers made ratings in a Post-
Scenario Questionnaire. At the conclusion of the final day of testing, participants were debriefed 
as to the expectations of the experiment and given an opportunity to ask any last questions. 
Finally, participants completed the Information Importance Form again and a Final 
Questionnaire. The Final Questionnairerequired controllers to make ratings on the effectiveness, 
usability, and acceptability of the proposed memory aids. Also, participants were given the 
opportunity to make any suggestionsor fmal commentsregarding the experiment. The contents 
of the above questionnairesare presentedin appendixA. 

The presentation order of scenariosand counterbalancingfeaturesof the experimental design are 
illustrated in table 3. For half the participants (denoted Group A), the first day of testing was 
without the memory aids and the secondday of testing included the memory aids. For the other 
half of the participants (denoted Group B), the reversewas true -the fIrst day included the 
memory aids, and the secondday was without the memory aids. The first scenario on each day 
was a 20-minute practice scenario,followed by four 30-minute test scenarios. The four test 
scenarioswere worked so that eachof the two low traffic scenariosalternated with eachof the 
two high traffic scenarios. For half the participants in Group A and Group B, a low traffic 
scenario was performed first, and for the other half of the participants, a high traffic scenario was 
performed first. Also, the presentationposition of any scenariowas counterbalancedacross 
participants so that one controller worked the scenariofirst, another controller worked the 
scenario second,and so on. As shown in table 3, an important feature of the designto emphasize 
is that eachscenariowas performed only once by eachcontroller. Although eachscenario was 
worked with memory aids and without memory aids, different controllers performed thesetwo 
versions of the samescenario. 

A training programwasdevelopedto assistcontrollersin learningthe experimentalarrival and 
departureproceduresusedin the simulation. Thetraining sessionlastedapproximatelyonehour 
andconsistedof textualpresentations,graphicalvisualaids,anda demonstrationscenario.As 
the ATCS describedthe memoryaids,controllersstudiedtextualandgraphicaldepictionsof the 
fixes andaltitudechangesassociatedwith thearrivalanddepartureprocedures.Sincealmostall 
the fixes werefamiliar to controllers,it shouldnothavebeendifficult to learnthis information. 
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TABLE 3. PRESENTATIONORDEROF SCENARIOSAND COUNTERBALANCING 
FEATURESOF THE EXPERIMENTALDESIGN 

Then, controllers observeda demonstrationof aircraft arriving from different locations using the 
arrival proceduresand aircraft departing in different directions using the departureprocedures. 
The ATCS demonstratedthe necessarycommunications and techniques ashe worked the 
demonstration scenario. Controllers were given an opportunity to work a simple practice 
scenario and ask questionsbefore continuing with the formal test scenarios. A display describing 
the experimental arrival and departureprocedureswas placed nearby as a reminder while 
controllers worked the scenarios. Since the controllers were alreadyexperienced in using basic 
STARs and Sills, it was thought that this training would be sufficient to familiarize them with 
the specially-designed arrival and departureproceduresthat would be used in the simulation. 

The method used to assessSA was a modification of SAGA T (Endsley, 1987, 1988). SAGA T is 
an objective technique for evaluating SA that has beenapplied to pilots in fighter combat 
simulations and is equally applicable to controllers in ATC simulations. The technique consists 
of interrupting or "freezing" the simulation and having participants answerquestions about the 
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current situation without viewing displays. In the presentstudy, the SAGA T method was used at 
two different times during eachscenarioto collect different information. In the first instance, 
referred to as the information recall phase,the interruption occurred at either 17.5, 22.5 or 27.5 
minutes into the scenario. At that time, controllers were askedquestions about no more than 
three aircraft on the radar display. After a few preliminary questions,the rest were randomized 
and presentedone at a time on a computer screenfor eachaircraft that was not yet handed off. 
The typical format for eachquestionconsistedof an aircraft call sign and a question about that 
aircraft. In the secondinstance,referred to asthe spatial location phase,the interruption occurred 
at the end of the scenarioand controllers were askedto locate no more than eight aircraft that 
were still on the radar display. Controllers were instructed to locate only the aircraft that were 
not yet handed off. The procedure consistedof placing the number associatedwith eachcall sign 
in the proper location on a map of the radar display. For a list of the information recall questions 
and an example of the spatial location map, seeappendixB. 

A special scoring procedure was developed for both the infomlation recall and spatial location 
SA data. The scoring systemis conceptually similar to that of target-shooting where more points 
are awarded for bullets striking closerto the "bull's eye." For eachinfomlation recall question 
requiring a numeric response,three different point-scoring rangeswere defined. If the response 
was within the closestrange of accuracy,3 points were awarded. If the responsewas within the 
middle range, 2 points were awarded. If the responsewas within the outer range, 1 point was 
awarded, and a responsebeyond the outer range was not awarded any points. Some questions 
required the name of a fix asthe appropriate answerand were scoredas hit (3 points) or miss (0 
points). Different rangesof accuracywere defmed for eachquestion and a list of the criteria is 
provided in table 4. For eachaircraft that controllers were required to locate, three different 
point-scoring rangeswere defined aswell. If the aircraft was placed within 5 nautical miles (nm) 
of its actual location, 3 points were awarded. If the aircraft was placed within 10 nm of its actual 
location, 2 points were awarded. If the aircraft was placed within 15 nm of its actual location, 1 
point was awarded, and an aircraft placed beyond 15 nm was not awarded any points. Both an 
infomlation recall and a spatial location percentagescorewere calculated by dividing the number 
of points that was actually obtained by the number of points that could have beenobtained and 
multiplying by 100. 

The method selectedto assesscontroller workload was A TWIT (Stein, 1985). A TWIT provides 
an unobtrusive and reliable means for collecting participants' ratings of workload as they control 
traffic. In the presentstudy, a touchscreenwas usedto presentthe workload rating scale and 
record the controllers' responses. Controllers were instructed to indicate their current workload 
level by pressing one of the touchscreenbuttons labeled from 1 (indicating low workload) to 10 
(indicating high workload). The touchscreenwas programmed to requestthe controllers' input 
every 5 minutes by emitting severalbeepsand presentingthe rating scale. Participant controllers 
had 20 secondsto respond by pressing one of the 10 buttons. If they were too busy to respond 
within 20 seconds,then the maximum workload rating of 10 was recorded by default. In almost 
every instance, controllers were able to respond within the allotted time and avoid the default 

rating. 
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TABLE 4. ACCURACY LEVELS DEFINING THE DIFFERENTSCORING 
RANGESFORTHE SAGATQUESTIONS 

Question-Description 3-PointRange 2-PointRange I-Point Range 
3-Within 5 nm/below 
4-Within 5 nm/above 
5-Within 10 nm/same 
6-Current altitude 
7-Current airspeed 
8-Current heading/fix* 
9-Assigned altitude 

IO-Assigned airspeed 
II-Assigned headingifix* 
I2-Arrival airport 
I3-Entry fix 
14-Departure airport 
I5-Exit fix 

:!:1 aircraft :!:2 aircraft 
:!: 1 aircraft :!:2 aircraft 
:!: 1 aircraft :!:2 aircraft 
:!: 1000 feet :!:2000 feet 
:!:20 knots :!:40 knots 
:!: 10 degrees :!:20 degrees 
:!: 1000 feet :!:2000 feet 
:!:20 knots :!:40 knots 
:!: 10 degrees :!:20 degrees 
Hit or Miss Scoring 
Hit or Miss Scoring 
Hit or Miss Scoring 
Hit or Miss Scoring 

:t 3 aircraft 
:t 3 aircraft 
:t 3 aircraft 
:t 3000 feet 
:t 60 knots 
:t 30 degrees 
:t 3000 feet 
:t 60 knots 
:t 30 degrees 

#-SpatialLocation within 5 nm within 10nm within 15nm 

* Hit or Miss Scoringwasusedif the participantrespondedwith a fix name 

4. RESULTS. 

The results of this experiment will be reported in three major sections. The first section will 
discusspreliminary analysesconducted on the dependentvariables. The approachwill rely on a 
correlational analysis to determine the extent to which ATC performance, SA, and workload are 
related. Since different techniques (or variables) were usedto assessperformance, SA, and 
workload, the results of this analysis will determinethe agreementbetween different measuresof 
the sameconstruct. For example, SA was examinedusing SAGAT (an objective method) and 
controller ratings (a subjective method). Measurementscollected by thesetechniques should 
relate (or correlate) very well. However, if the SAGAT variables do not relate to controller 
ratings, then this might reducethe utility of the objective measuresof SA. Also, it is of interest 
to identify how the different constructsof performance, SA, and workload related to eachother. 
For example, do SA and workload relate to ATC performance? 

The second section is the primary concernof this study. The approachwill rely on analysis of 
variance (ANDY A) to evaluatethe effectivenessof the proposed memory aids and examine any 
differences between low and high traffic scenarios. Dependentmeasuresof ATC performance, 
SA, and workload will be analyzedto determine if the memory aids had any beneficial (or 
detrimental) effects. Also, traffic volume will be investigated as a potential influence on the 
effectiveness of the memory aids. For example, the memory aids may improve SA in high traffic 
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scenarioswherecontrollersmaybestrugglingto "keepthepicture." However,the memoryaids 
maybe lessbeneficialin low traffic scenarioswhereit is relativelyeasyfor controllersto 
maintainSA. 

The last section will summarizethe feedbackthat controllers provided about the experiment. 
The results of the Final Questionnaireand Information Importance Form will be presentedand 
discussed. The Final Questionnaireprovided anothermeans for evaluating the proposed memory 
aids since many of the ratings and commentsconcernedthe effectiveness,usability, and 
acceptability of the memory aids. Also, the credibility of the results will be discussedthrough 
controller ratings and comments aboutthe realism of the simulation and measurement 
techniques. Finally, the results of the Information Importance Form will be reviewed. The 
Information Importance Form was included to determine what ATC information controllers 
thought was most important to their work. It was administered on both days of the experiment in 
order to determine the reliability of controller ratings. A correlational analysis will be used to 
determine the consistencyof controller ratings on the two days and an examination of the 
variability of ratings will be examinedto determinethe consistencyamong controllers. The 
information obtained will be used when considering future memory enhancementexperiments. 
For example, future experiments may investigate the potential benefits of new display techniques 
which emphasizethe information that controllers believe to be most important to their job. 

A summaryandconclusionssubsectionis includedattheendof eachof thesethreemajor 
sections.Thepurposeof thesesubsectionsis to presentbriefly the mostimportantresultsand 
discusstheir implicationsfor the goalsof this research. 

4.1 RELATING PERFORMANCE. SA. AND WORKLOAD. 

The results of a correlational analysis relating ATC perfornlance, SA, and workload is reported 
in this section. A correlational analysis is a fornlal statistical technique for calculating the degree 
to which two variables relate or "covary." The results of the analysis produce a correlation 
coefficient (or r-value) which rangesfrom -1.0 to + 1.0 and indicates the strength of the 
relationship betweenthe two variables. A coefficient of 0.0 meansthat no relationship exists, 
while -1.0 and + 1.0 indicate perfect relationships. A positive coefficient (or direct relationship) 
means that as the value of one variable increasesthe other variable increases,while a negative 
coefficient (or inverse relationship) meansthat asthe value of one variable increasesthe other 
variable decreases. A correlation coefficient is consideredto be statistically significant if its 
absolute magnitude exceedsa given critical value. The critical value dependson the number of 
degreesof freedom in the experimental designand can be obtained from most statistics 
textbooks. Usually, a p-value (or significance level) is reported which representsthe probability 
that the calculated coefficient could exceedthe critical value by chancealone. Finally, although 
it is often tempting to conclude that one variable has a causal effect on the other variable, this is 
not the correct interpretation of a correlational analysis. A third factor may be causing the two 
variables to increaseand decreasetogether. 

Thecorrelationalanalysiswasbasedupon128observations(16 participantstimes8 scenarios 
perparticipant). Althougha completecorrelationalanalysisrelatingall 20 dependentvariables 
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wasconducted,only the dependentvariableswhichhad statisticallysignificantcorrelation 
coefficientswill bereported.Also, the correlationcoefficientof variablesthatwereexpectedto 
be correlatedwill bepresentedaswell. The Pearsonmethodof calculatinga correlation 
coefficientwasusedandthecritical valueswere0.50and0.63(with 14degreesof freedom)for 
significancelevelsofp<0.05 andp<O.Ol,respectively.Theresultsof the correlationalanalysis 
wereorganizedinto groupsof relatedvariablesandthe coefficientsarepresentedin the tables 
thatfollow. 

Theresultsof thecorrelationalanalysisconductedontheperformancemeasuresarereportedin 
table5 (seetable2 for acronymexpansion).As shown,therewasa highdegreeof relationship 
betweenmanyof theperformancevariables.The numberof altitudeassignments,heading 
assignments,ground-to-airtransmissions,flights completed,andtheaircraft densitywere 
significantlycorrelatedwith eachother. However,the numberof flights completedwas only 
marginallycorrelatedwith the numberof headingassignments.Theseresultswerenot surprising 
sincethesefive variablesaregenerallyrelatedto the numberof aircraftandtaskloaddemandsof 
the scenario.However,the numberof airspeedassignmentsdid notrelateto anyother 
performancemeasure.This finding canbeexplainedin part by the factthatcontrollersrarely 
usedspeedadjustmentsduringthesimulation. Also, the numberof conflictsandhandofferrors 
did notrelateto anyof the otherperformancemeasuresin this group. However,conflict and 
handofferrorsrarelyoccurred,whichlimited therangeof thesevariablesandthe probabilityof 
obtainingstatisticallysignificantcorrelations.Onepossibleinterpretationof theseresultsis that 
thevariablesthatdid notcorrelatemayhavebeenmeasuringdifferentaspectsof ATC 
performance. 

Another issue, which can be addressedby the correlational analysis, is the utility of the objective 
perfomlance measuresproduced in this simulation. The participants' and expert observer's 
ratings of perfomlance have face validity and can serveas standardmeasurementsof 
perfomlance. The objective measuresthat correlate with thesesubjective measuresgain 
credibility as indicators of perfomlance or systemeffectiveness. The results showed that the 
number of conflicts and aircraft density were correlated with the expert's perfomlance ratings, 
but not to the participants' ratings. None of the other objective perfomlance measuresrelated to 
either the participants' or the expert's ratings. 

Table6 showsthe resultsof thecorrelationalanalysisconductedonthe SAGATvariablesand 
ATWIT. Oneinterestof the presentresearchwasto developandevaluateanobjective 
measmementtechniquefor airtraffic controllerSA. Theresultsof the correlationalanalysis 
indicatedthatthe SAGAT datacollectedin the informationrecallphaseandthe spatiallocation 
phasedid not correlatewith anyof the subjectivemeasmesof SA or with eachother. Also, 
althoughit wasreasonableto expecta relationshipbetweenSAandperformance,the SAGAT 
variablesdid not correlatewith anyof theobjectiveperformanceor with theparticipants'and 
expertobserver'sratingsof performance.Theseresultsdid not confirmthe utility of the present 
implementationof SAGAT asanobjectivemeasmeof SA. Theresultsof theanalysisindicated 
thatneitherof the SAGATvariablescorrelatedwith anyof theworkloadvariables.The utility of 
A TWIT asa techniquefor measmingcontrollerworkloadcanbeexaminedthroughcorrelations 
with theparticipants'andexpertobserver'spost-scenarioratingsof workload. As shown,there 
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TABLE 5. CORRELATIONVALUES FORTHE PERFORMANCEVARIABLES 

NCNF NHOMISS NALT NHDG NSPD NPTT CMAV NCOMP 

SGTIR 
SGTSL 

ATWIT 0.50* 0.74** 0.54* 

PSQWRK 
PSQPFM 
PSQSAW 
PSQCAL 
PSQPAL 
PSQPSV 
PSQDIF 

0.56* 
-0.26 

0.51* 
-0.26 

0.58* 
-0.32 

0.83** 
-0.44 

0.62* 
-0.30-0.25 

0.56* 0.50* 0.62* 0.83** 0.68** 

OBSWRK 
OBSPFM 

0.63** 
-0.38 

0.54* 
-0.34 

0.62* 
-0.29 

0.87** 
-0.56*-0.52* 

0.67** 
-0.36 

* indicatesa significanteffect,p < 0.05 
** indicatesa significanteffect,p < 0.01 
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TABLE 6. CORRELATIONVALVES FORTHE SAGATVARIABLES AND ATWIT 

SGllR SGTSL ATWIT 

NCNF 
NHOMISS 
NALT 
NHDG 
NSPD 
NPTT 
CMAV 
NCOMP 

0.50* 
0.43 

0.48 
0.74** 
0.54* 

SGTIR 
SGTSL 

0.32 

ATWIT -0.17 -0.33 

PSQWRK 
PSQPFM 
PSQSAW 
PSQCAL 
PSQPAL 
PSQPSV 
PSQDIF 

-0.20 

0.09 
0.12 
0.19 
0.14 
0.13 

-0.26 
0.24 
0.29 
0.31 
0.29 
0.22 

0.84** 
-0.53* 

-0.54* 

0.80** 

OBSWRK 
OBSPFM 

-0.21 

0.13 
-0.27 

0.21 

0.85** 
-0.54* 

* indicatesa significanteffect,p < 0.05 
* * indicatesa significanteffect,p < 0.01 

was strong correlations betweenA TWIT and the other subjective ratings. Further evidence for 
the utility of A TWIT was provided by correlations with variables that should have logically 
related to controller workload. The results indicated that A TWIT was strongly correlated with 
aircraft density as well as moderately correlated with the number of altitude assignments, 
heading assignments,ground-to-air transmissions, flights completed, and the aircraft density. 
These five performance measuresare good indicators of taskload or the demandsthat are placed 
on participants to safely control the amountof traffic in scenarios. Controller workload is a 
responseto taskload demandsand is therefore expectedto correlate with taskload measurements. 
The correlations between A TWIT and the previously mentioned performance variables replicates 
the validation researchconducted by Stein (1985). Negative correlations were found between 
ATWIT and the participants' and expert's ratings of performance. Theseresults suggesta 
possible relationship betweenworkload and performance-as workload increases,performance 
decreases. 

Theresultsof the correlationalanalysisconductedonthePost-ScenarioQuestionnaireare 
reportedin table7. Thequestionnairerequestedseveralratingsregardingdifferentaspectsof 
SA, suchasanawarenessfor currentaircraftlocations,projectedaircraftlocations,andpotential 
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TABLE 7. CORRELATIONVALVES FORTHE POST-SCENARIO 

QUESTIONNAIREVARIABLES 

PSQWRK PSQPFM PSQSAW PSQCAL PSQPAL PSQPSV PSQDIF 
NCNF 
NHOMISS 
NALT 
NHDG 
NSPD 
NPTT 
CMAV 
NCOMP 

0.56* 
0.51* 0.56* 

0.50* 

0.62* 
0.83** 
0.68** 

0.58* 
0.83** 
0.62* 

SGTIR 
SGTSL 

0.12 
0.29 

0.09 
0.31 

0.14 
0.29 

0.13 
0.22 

ATWIT 0.84** -0.53* -0.54* -0.47 -0.48 -0.45 0.80** 

PSQWRK . 
PSQPFM -0.57* 
PSQSAW -0.62* 
PSQCAL -0.44 
PSQPAL -0.50* 
PSQPSV -0.51* 

PSQDIF 0.93** 

-0.57* -0.62* 
0.79** 

-0.44 

0.69** 
0.78** 

-0.50* 
0.68** 
0.76* * 

0.74** 

-0.51* 

0.63** 
0.68** 
0.55* 
0.73** 

0.93** 

-0.59* 
-0.61 * 

-0.45 

-0.49 

-0.47 

0.79** 
0.69** 
0.68** 
0.63** 
-0.59* 

0.78** 
0.76* * 

0.68** 
-0.61* 

0.74** 
0.55* 
-0.45 

0.73** 
-0.49 -0.47 

OBSWRK 0.85** 
OBSPFM -0.57* 

-0.57* 
0.51* 

-0.59* 
0.54* 

-0.47 

0.40 
-0.49 

0.46 
-0.48 

0.56* 
0.85** 

-0.54* 

* indicatesa significanteffect,p < 0.05 
** indicatesa significanteffect,p < 0.01 

safety violations, as well as an overall rating of SA. The analysis indicated that all four SA 
ratings were strongly correlated. Theseresults suggestthat the different questions were not 
measuring independentaspectsof SA, and that the overall rating was sufficient as a measureof 
SA. Unlike the SAGAT variables, all four SA ratings strongly correlated with participants' 
performance ratings and moderately correlated with the expert observer's performance ratings. 
The four subjective measuresof SA slightly correlated with the workload measures. Although 
many of the correlations did not reachstatistical significance, the generaltrend was as workload 
decreasedSA increased. This relationship seemsreasonablesince periods of low workload 
provide an opportunity for more scanningand strip marking -actions which should lead to better 
SA. 

A final questiononthe Post-ScenarioQuestionnairerequestedthatcontrollersratethe difficulty 
of the scenariotheyhadjust completed.A correlationof this rating with the otherdependent 
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variablesin the experimentwasusedto detenninewhatfactorsmayhavecontributedto the 
difficulty of a scenario.Theresultsindicatedthatdifficulty ratingscorrelatedwith several 
performancemeasuresincludingthe numberof altitudeassignments,headingassignments, 
ground-to-airtransmissions,aircraftdensity,andflights completed.Also, very strong 
correlationswerefound with theworkloadmeasures.Althoughthe relationshipwasratherweak, 
the difficulty ratingswerenegativelycorrelatedwith the SAratings. Finally, difficulty ratings 
werenegativelycorrelatedwith theparticipants'andexpertobserver'sperformanceratings. 

Table 8 shows the results of the correlational analysis conducted on the expert observer's ratings. 
One issue that was examined concernedthe agreementbetweenthe expert's and participants' 
ratings. The results indicated a strong correlation betweenthe expert's workload ratings and the 
participants' workload ratings and a weaker but significant correlation betweenthe expert's 
performance ratings and the participants' performanceratings. Theseresults suggestthat there 
was agreementbetweenthe expert and participants and that they may have used similar 
indicators to make their ratings. An analysis of the expert's workload rating with the objective 
performance measuresindicated significant correlations with the number of altitude assignments, 

heading assignments,ground-to-air transmissions,flights completed, and the aircraft density. 
Since these five taskload measurescorrelated with the participants' workload ratings as well, 
they may be the indicators that the expertand participants usedto rate workload. The analysis 
also indicated that the expert's performanceratings negatively correlated with the number of 
conflicts and aircraft density. However, the participants' performance ratings did not correlate 
with either of thesetwo performance measures. Also, it should be noted that the expert's ratings 
of workload and performance showed a strong negative correlation and were in agreementwith 
the negative correlation found betweenthe participants' ratings of workload and performance. 

4.1.1 Summa~ and Conclusions. 

One of the interests of the presentresearchwas to develop and evaluatean objective 
measurementtechnique for controller SA. An important finding from the correlational analysis 
was that the SAGA T variables did not correlate with participants' ratings of SA. This suggests 
that what controllers consideredto be "SA" was different from the air traffic information 
requestedby the SAGAT. Severalparticipants commented that they were unable to answer 
many of the SAGA T questions, but they still felt they had good SA for information important to 
safe ATC. These comments may have beenmotivated by a desire not to "look bad" when they 
were unable to rememberrelevant information. On the other hand, the comments may indicate 
that remembering the SAGA T information is not necessaryfor good A TC performance. The fact 
that the SAGA T variables did not correlate with any of the objective or subjective measuresof 
performance suggeststhat the latter alternative may be correct. Other controller comments and 
evaluations concerning the SAGA T will be discussedin the final results section. 

The results indicated that participants' ratings of SA were positively correlated with the 
participants' and expert's ratings of performance. That is, when SA was high, performance was 
good, and when SA was low, performancewas worse. This finding suggeststhat SA may be a 
contributing factor to performance and supportsthe claim that memory is an important part of 
ATC. Also, the results indicated that controller workload ratings were negatively correlated with 
the participants' and the expert's ratings of performance. That is, when workload was low, 
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TABLE 8. CORRELATIONVALVES FORTHE EXPERTOBSERVER 
VARIABLES 

OBSWRK OBSPFM 

NCNF 
NHOMISS 
NALT 
NHDG 
NSPD 
NPTT 
CMAV 
NCOMP 

SGTIR 
SGTSL 

ATWIT 

PSQWRK 
PSQPFM 
PSQSAW 
PSQCAL 
PSQPAL 
PSQPSV 
PSQDIF 

OBSWRK 
OBSPFM 

0.63** 
0.54* 

0.62* 

0.87** 

0.67** 

0.85** -0.54* 

0.85** 
-0.57* 

-0.59* 

-0.57* 
0.51* 
0.54* 
0.56* 

0.85** -0.54* 

-0.72** 
-0.72** 

-0.52* 

-0.56* 

indicatesa significanteffect,p < 0.05 
indicatesa significanteffect,p < 0.01 

perceived perfornlance was good and when workload was high, perceived perfornlance was 
worse. This finding suggeststhat controller workload may affect ATC perfornlance. Controller 
workload ratings were negatively (but weakly) correlated with the participants' ratings of SA. 
That is, when workload was low, SA was generally high and when workload was high, SA was 
generally low. This finding suggeststhat controller workload may influence SA. However, it 
must be emphasizedthat theserelationships betweenperfornlance, SA, and workload are based 
upon the participants' and expert's subjective perceptions. Theserelationships were not 
confirnled by SAGAT or any of the objective perfornlance measures. 
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4.2 MEMORY AIDS AND TRAFFIC VOLUME EFFECTS. 

The results of the study concerning the effectivenessof the proposed memory aids in low and 
high traffic scenariosare reported in this section. The primary statistical procedure used will be 
ANOV A. In simple terms, ANOV A is a method for comparing the variability produced by the 
treatment (e.g., the memory aids)to the variability produced by other extraneousfactors (e.g., 
individual controller style). The results of the analysis produce an F-ratio, and the larger the 
F-ratio the greaterthe effects of the treatment. An F-ratio is consideredto be statistically 
significant if it exceedsa given critical value determined by the degreesof freedom in the 
experimental design. The analysesassociatedwith eachindependentvariable are referred to as 
main effects, and the analysesassociatedwith combinations of variables are referred to as 
interaction effects. 

An interaction occurs when the effects of one variable are different, depending upon the level of 
anothervariable. To examine the pattern of interactions betweenvariables, the experimental 
design is often broken down into its basic components,referred to as simple main effects. In the 
presentexperiment, there are four simple main effects and eachconsistsof a comparison between 
two means. One simple main effect involves the difference betweenthe no-memory aids and 
memory aids conditions in low traffic scenariosand the secondinvolves the differences between 
the memory aids conditions in high traffic scenarios. The third simple main effect involves the 
difference between low and high traffic conditions in scenarioswithout memory aids and the last 
involves the difference betweenthe traffic conditions in scenarioswith memory aids. If an 
interaction betweenvariables is significant, an F-ratio is computed for eachsimple main effect to 
determine if the difference betweenthe two meansis statistically significant. 

In this section, the approachwill be to presentgraphical plots of the means (or frequency plots) 
for the main experimental conditions as a clear and simple summary of the results for each 
dependentvariable. The important findings of the experimentwill be reported through a 
discussion of the main trends in eachgraph. However, graphical plots can be misleading, since 
the variability in the meansis not shown. Therefore, ANOV A will be usedto confirm (or 
disconfirm) the apparenttrends in eachgraph. Although all 20 dependentvariables were 
analyzed, the results of only 13 variables will be presentedin this summary. All the performance 
variables will be reported, exceptthe number of speedassignmentswhich was not an important 
variable in this study. Since A TWIT was higWy correlated with the participants' and expert 
observer's post-scenarioworkload ratings, only the ATWIT results will be discussed. Also, 
since the participants' overall ratings of SA were higWy correlated with the other subjective 
measuresof SA, only the overall ratings will be presented. Finally, the participants' scenario 
difficulty ratings will not be reported. Tables of meansand ANOV As for all 20 dependent 
variables are provided in appendix C and appendixD, respectively. 

Figure1 presentsthe mainresultsfor the numberof conflicts. Sincethemeanswerevery small, 
a frequencyplot of the numberof conflicterrorsfor theentirestudyis a moremeaningfuldisplay 
of the data. Althougha relativelyrareeventin the simulation,28 conflictswererecordedin the 
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MEMORY 

FIGURE 1. FREQUENCYOFCONFLICTSFORTHE ENTIRE EXPERIMENTA;SA 
FUNCTION OF THE MEMORY AIDS AND TRAFFIC IN SCENARIOS 

128 scenariosperformed. Since an averageof 18.5 aircraft were scheduledto appear in each 
30-minute scenario, nearly 12 aircraft were involved in a separationerror (with another aircraft) 
for every 1000 aircraft worked. In other terms, one conflict occurred almost every 2.3 hours. 

The intentionallydemandingconditionsof the simulationproducedfar more conflict errorsthan 
actuallyoccurin reality. As shownin thegraph,almostall of theconflictsoccurredduring high 
traffic scenarios.Also, thereseemsto be slightlymoreconflicts in hightraffic scenarioswith the 
memoryaidsthanwithoutthe memoryaids. However,this differenceis smallandmaybe dueto 
chancealone. 

The results of the ANOV A indicated that the main effect of MEMORY, [F(1,15) = 0.71], was 
not significant. However, the main effect of TRAFFIC, [F(1,15) = 12.17,p<O.Ol], was 
significant. The MEMORY*TRAFFIC, [F(1,15) = 2.73], interaction was not significant. These 

statistical results indicated that the memory aids did not decrease(or increase)the incidence of 
conflict errors. The apparenttrend for a greaternumber of conflicts in high traffic scenarioswith 
the memory aids was not statistically reliable. Also, the analysis confirmed that more conflict 
errors occurred in high, relative to low, traffic scenarios. 

Figure 2 displays the main results for the number of handoff misses. Again, since the means 
were very small, a frequency plot of the number of handoff errors for the entire study is a more 
meaningful display of the data. Handoff errors were evenmore rare than conflicts and 8 handoff 
misseswere recorded in the 128 scenariosperformed. Over 3 aircraft were not properly handed 
off for every 1000 aircraft worked, or one handoff error occurred every 8 hours. Fortunately, the 
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MEMORY 

FIGURE2. FREQUENCYOF HANDOFFMISSESFORTHE ENTIRE EXPERIMENTAS A 
FUNCTION OF THE MEMORY AIDS AND TRAFFIC IN SCENARIOS 

incidenceof handofferrorsis muchlessfrequentin reality. As shownin the graph,mostof the 
handoffmissesoccurredin scenarioswithoutthe memoryaids. Also, nearlythe samenumberof 
handofferrorsoccurredin low andhightraffic scenarios. 

Theresultsof the ANOVA revealeda significantmaineffectof MEMORY, [F(1,15)= 5.00, 
p<0.05]. The maineffectof TRAFFIC, [F(1,15)= 1.00],andtheinteraction, 
MEMORY*TRAFFIC, [F(1,15)= 1.23],werenotsignificant. Thesestatisticalresultsconfirmed 
thatthe memoryaidsreducedthe numberof handofferrors. Also, the analysisindicatedthat 
therewasno differencein handoffmissesbetweenlow andhightraffic scenarios. 

The mainresultsof the experimentfor the numberof altitudeassignmentsheadingassignments 
aresummarizedin figures3 and4. As shown,thegeneraltrendsareverysimilar for thesetwo 
variables.As expected,the numberof altitudeandheadingassignmentswas greaterin scenarios 
withoutthe memoryaidsandhightraffic scenarios.However,the effectsof the memoryaids 
appearto be slightly greaterfor high,relativeto low, traffic scenarios.In otherwords,although 
the memoryaidsreducedthe numberof altitudeandheadingassignmentsin low traffic 
scenarios,thereductionswere generallygreaterin hightraffic scenarios. 

The ANOVA revealeda significantmain effectof MEMORY, [F(1,15)= 369.45,p<O.Ol,and 
F(1,15)= 468.87,p<O.Ol]for bothtypesof assignments.Also, the maineffectof TRAFFIC, 

27 



--
-~ ~ 
z 
rn 
~ 
Q) e 
~ 
tin..­
rn 
rn-< 
Q) 

-,c
~ 

) 

~ 
:;;::-

0 
~ 
Q) 

.J::) 

S 
~ 
z 

28 

MEMORY 

FIGURE3. MEAN NUMBER OFALTITUDE ASSIGNMENTSAS A FUNCTION OF THE 
MEMORY AIDS AND TRAFFIC IN SCENARIOS 
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[F(1,15) = 457.59, p<O.O1,and F(1,15) = 375.22, p<O.O1],was significant for both assignments. 

However, these main effects must be qualified becausethe MEMORY*TRAFFIC, [F(1,15) = 
12.31, p<O.O1,and F(1,15) = 55.89, p<O.O1],interaction was significant for both types of 

assignments. Since the interactions were significant, an analysis of simple main effects was 
conducted on eachvariable. A summary of the analysis for the number of altitude and heading 
assignmentsis presentedin tables 9 and 10. As shown, all four simple main effects were 
significant for both types of assignments. The interaction occurred becausethe difference 
betweenthe no memory aids and memory aids conditions was greaterfor high traffic scenarios. 

The main results of the experiment for the number of ground-to-air transmissions are reported in 
figure 5. As shown, the generaltrends are similar to the number of altitude and heading 
assignmentsin the previous graphs. The number of ground-to-air transmissions was greater for 
scenarioswithout the memory aids and high traffic scenarios. However, the memory aids appear 
to have similar effects in low and high traffic scenarios. 

The ANOVA revealedsignificantmaineffectsof bothMEMORY, [F(I,15) = 26.36,p<O.OI], 
andTRAFFIC, [F(I,15) = 1131.89,p<O.Ol]. TheMEMORY*TRAFFIC, [F(1,15)= 0.67], 
interactionwasnot significant. Thesestatisticalresultsconfirmedthatthe memoryaidsreduced 
the numberof ground-to-airtransmissionsin all scenarios.Also, theanalysisindicatedthatthere 
weremore ground-to-airtransmissionsin highrelativeto low traffic scenarios. 

TABLE 9 ANAL YSIS OF SIMPLEMAIN EFFECTSFORTHE NUMBER OF 
ALTITUDE ASSIGNMENTS 

TRAFFIC NO MEMORY AIDS MEMORY AIDS Difference F-Ratio 

MEMORY LOW TRAFFIC illGH TRAFFIC DifferenceF-Ratio 

NO MEMORY AIDS 13.25 
MEMORY AIDS 5.03 

23.34 
12.13 

-10.09 

-7.10 

232.88** 
201.29** 

* 
** indicatesa significanteffect,p < 0.01 

indicatesa significanteffect,p < 0.05 
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TABLE 10. ANAL YSIS OF SIMPLEMAIN EFFECTSFORTHE NUMBER OF 
HEADING ASSIGNMENTS 

TRAFFIC NO MEMORY AIDS MEMORY AIDS Difference F-Ratio 

MEMORY LOW TRAFFIC HIGH TRAFFIC Difference F-Ratio 
NO MEMORY AIDS 15.59 
MEMORY AIDS 3.47 

28.38 
11.66 

-12.79 
-8.19 

169.71** 
431.05** 

* 
** 

indicatesa significanteffect,p < 0.05 
indicatesa significanteffect,p < 0.01 

FIGURE5. MEAN NUMBER OFGROUND-TO-AIR TRANSMISSIONSAS A FUNCTION 
OF THE MEMORY AIDS AND TRAFFIC IN SCENARIOS 
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Figure6 presentsthe mainresultsfor the cumulativeaverageof systemactivity or aircraft 
density. As plannedin thedesignof scenarios,the aircraftdensityfor hightraffic scenarioswas 
greaterthan for low traffic scenarios.Also, aircraftdensitywasalmostidenticalfor scenarios 
with memoryaidsandwithout memoryaids. 

Theresultsof the ANOVA indicatedthatthe maineffectof MEMORY, [F(I, 15)= 1.31],was 
not significant. However,themain effectof TRAFFIC, [F(1,15)= 2265.52,p<O.OI],was 
significant. TheMEMORY*TRAFFIC, [F(1,15)= 0.01], interactionwasnot significant. These 
statisticalresultsindicatedthatthe memoryaidshadno effectonaircraftdensity. Also, the 
analysisconfirmedthataircraftdensitywasgreaterin high,relativeto low, traffic scenarios. 

Figure7 displaysthe mainresultsfor the numberof flights completed.As shown,the trendsare 
very similar to the aircraft densitygraph. As expected,the numberof flights completedfor high 
traffic scenarioswas greaterthan for low traffic scenarios.Also, thereseemsto be little 
differencein the numberof flights completedbetweenscenarioswith memoryaidsandwithout 
memoryaids. 

The results of the ANOV A indicated that the main effect of MEMORY, [F(I,15) = 1.17], was 
not significant. However, the main effect of TRAFFIC, [F(1,15) = 603.39, p<O.OI], was 
significant. The MEMORY*TRAFFIC, [F(1,15) = 0.29], interaction was not significant. These 

statistical results indicated that the memory aids did not affect the number of flights completed. 
Also, the analysis confmned that the number of flights completed was greater for high, relative 
to low, traffic scenarios. 

The main results of the study for the controller's performancerating and the expert observer's 
performance rating are summarized in figures 8 and9. As shown, there is an amazing degreeof 
similarity in both the magnitude and pattern of thesetwo ratings. First, both graphs indicate that 
performance ratings were higher in low traffic scenarios..Also, there is a slight diverging pattern 
in both graphs. That is, performance ratings seemto increasein low traffic scenarios,but 
decreasein high traffic scenarioswhen using the memory aids. However, this interesting 
tendency is rather small and may be due to chancealone. 

The ANOV A indicated that the main effect of MEMORY, [F(1,15) = 0.13, and F(1,15) = 0.13], 
was not significant for either setof ratings. However, the main effect of TRAFFIC, [F(1,15) = 
28.01, p<O.Ol, and F(1,15) = 72.61, p<O.Ol], was significant for both ratings. The 
MEMORY*TRAFFIC, [F(1,15) = 4.01, and F(1,15) = 4.41], interaction was not significant for 

either setof ratings. These statistical results indicated that the memory aids did not increase (or 
decrease)either of the performance ratings. The apparenttrend for the memory aids to increase 
ratings in low traffic scenariosand decreaseratings in high traffic scenarioswas not statistically 
reliable. Also, the analysis confIrmed that both performanceratings were higher in low, relative 
to high, traffic scenarios. 

The main results of SAGA T for the information recall phaseand the spatial location phaseare 
reported in figures 10 and 11. As shown, there is a large degreeof similarity in both of these 
objective measuresof SA. First, both graphsindicate that SA was higher in low 
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traffic scenarios.Contraryto expectations,therewaslittle differencein SA betweenscenarios 
with memoryaidsandwithoutmemory. 

Theresultsof the ANOVA indicatedthatthe maineffectof MEMORY, [F(1,15)= 0.01,and 
F(I,15) = 2.65],wasnot significantfor eitherobjectivemeasure.However,themain effectof 
TRAFFIC, [F(I,15) = 10.99,p<O.OI,andF(I,15) = 19.95,p<O.OI],was significantfor both 
measures.TheMEMORY*TRAFFIC, [F(1,15)= 0.03,andF(I,15) = 0.33], interactionwas not 
significantfor eitherobjectivemeasure.Thesestatisticalresultsindicatedthatthe memoryaids 
did not affect SA in eitherthe informationrecall or spatiallocationphases.Also, the analysis 
confirmedthat SAwashigherin low relativeto hightraffic scenariosfor bothphases. 

The main results of the experiment for the controller's overall SA rating are summarized in 
figure 12. As shown, the participants' ratings of SA were higher in low traffic scenarios. This 
trend is in agreementwith both SAGAT measuresof SA. In contrast, the graph indicates that SA 
ratings may be slightly higher in scenarioswith the memory aids. However, this tendency is 
rather small and may be due to chancealone. 

The ANOVA indicateda non-significantmain effectfor MEMORY, [F(1,15)= 3.46],anda 
significanteffectfor TRAFFIC, [F(1,15)= 31.29,p<O.Ol]. TheMEMORY*TRAFFIC, [F(1,15) 
= 0.27], interactionwasnotsignificant. Thesestatisticalresultsconfirmedthatthe memoryaids 
mayhave slightly increasedSAratings(the effectwouldbe significantat p<.l 0). Althoughthis 
resultwasnot strongenoughto reachstatisticalsignificanceata standardlevel (p<0.05),it is 
reportedherebecauseof its importanceto theprimarygoalof this research.Also, the analysis 
indicatedthat SAratingswerehigherin low, relativeto high,traffic scenarios. 
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Figure 13 presentsthe main results for ATWIT ratings. As shown, controllers' workload ratings 
for high traffic scenarioswere higher than for low traffic scenarios. Surprisingly, there was little 
difference in workload ratings betweenscenarioswith memory aids and without memory aids. 
Thesetrends are very similar to the patternsproduced in the graphsof aircraft density and 
number of flights completed. 

The results of the ANOV A indicated that the main effect of MEMORY, [F(1,15) = 0.01], was 
not significant. However, the main effect of TRAFFIC, [F(1,15) = 147.63,p<0.01], was 
significant. The MEMORY*TRAFFIC, [F(1,15) = 0.18], interaction was not significant. These 
statistical results indicated that the memory aids did not affect workload ratings. Also, the 
analysis confirmed that workload ratings were higher in high, relative to low, traffic scenarios. 

MEMORY 

FIGURE 13. MEAN AIR TRAFFIC WORKLOAD INPUT TECHNIQUE AS A FUNCTION 
OF THE MEMORY AIDS AND TRAFFIC IN SCENARIOS 

A general summary of all the ANOV A results is provided in table 11. The table values indicate 
whether the main effects or interaction effect for eachvariable were statistically significant 
(YES) or not statistically significant (NO). 
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TABLE 11. A SUMMARY OF THE ANOV A RESULTS FOR EACH DEPENDENT 
VARIABLE IN THE EXPERIMENT 

Variable MEMORY EFFECT TRAFFIC EFFECT INTERACnON EFFECT 

NCNF NO. YES.. NO 
NHOMISS YES NO NO 
NALT YES YES YES 
NHDG YES YES YES 
NPTT YES YES NO 
CMAV NO YES NO 
NCOMP NO YES NO 
PSQPFM NO YES NO 
OBSPFM NO YES NO 

SGTIR 
SGTSL 
PSQSAW 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

ATWIT NO YES NO 

* NO -NOT STATISTICALLY SIGNIFICANT 
** YES -STATISTICALLY SIGNIFICANT 

4.2.1 Surnm~ and Conclusions. 

Oneof the purposesof the memoryaidswasto reducetheneedfor communicationsbetween 
controllersandpilots. It wasreasonedthatfewercommunicationswould allow controllersmore 
time to scanthe radardisplay,reviewflight progressstrips,andperformotheractivitiesthat 
shouldincreasetheir SA. Theresultsof the experimentconfirmedthatthe memoryaidsgreatly 
decreasedthe numberof ground-to-airtransmissions,includingbothaltitudeandheading 
assignments.The memoryaidsreducedthe numberof altitudeandheadingassignmentsin both 
low andhightraffic scenarios,butthereductions(andpotentialbenefits)weregreaterin high 
traffic scenarios.The reductionin communicationsis an importantfmding sincemany 
misunderstandingsanderrorsoccurin ATC communications. 

Theresultsregardingthepotentialbenefitsof the memoryaidsfor improving otheraspectsof 
performanceweremixed. Althoughconflictsandhandoffmissesaremajorconcernsin ATC, the 
frequencyof theseerrorsis rare. Therefore,anyconclusionsbaseduponthe few incidentsthat 
did occurduringthe studymustbeconsideredastentative. Contraryto expectations,theresults 
indicatedthatthe numberof conflicterrorswasnearlyequalin scenarioswith the memoryaids 
andwithout the memoryaids. Althougha disproportionatenumberof conflictsoccurredwhile 
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usingthe memoryaidsin hightraffic scenarios,this trendwasnotreliable. In contrast,there 
were slightly fewerhandofferrorswhile usingthe memoryaids. Therewasa strongconsistency 
betweentheparticipants'andexpertobserver'sratingsof performance.Theratingsindicated 
thatthe memoryaidsslightly increasedperformancein low traffic scenarios,while therewasa 
slightdecreasein hightraffic scenarios.Overall,theseresUltssuggestthatthe memoryaidsmay 
slightly improveperformancewhentraffic volumeis relativelylow. However,whentraffic 
volumeis extremelyhigh,the memoryaidsmayslightly detractfromperformance. 

Theresultsconcerningthepotentialbenefitsof the memoryaidsfor improving SAweremixed 
aswell. Using SAGATasanobjectivemeasurementtechnique,the memoryaidsdid not 
increaseSA. Contraryto expectations,the accuracyof controllers'responsesin boththe 
informationrecallandspatiallocationphaseswasnotimprovedby the memoryaids. However, 
usinga subjectivemeasurementtechnique,the memoryaidsdid increaseSA. Participants' 
ratingsof SA improvedslightly in scenarioswith the memoryaids. Theresultsfrom the 
objectivemeasuresandsubjectiveratingswereexpectedto agreeandindicateimprovementsin 
SAusingthe memoryaids. However,participants'ratingsmaybea moresensitivemeasure, 
while the presentSAGAT formatmaybeunableto detectsmalldifferencesin SA. Perhapsthe 
mostreasonableconclusionregardingtheeffectivenessof the memoryaidsfor improving SA is 
thatthe benefitsareverysmall. 

A secondarygoalof this studywasto investigatetheeffectsof the memoryaidson controller 
workload. Surprisingly,theresultsindicatedthatthe memoryaidshadno effecton controller 
workload. Controllers'ATWIT ratingswerenearlyidenticalin scenarioswith memoryaidsand 
without memoryaids. Thereareat leasttwo possibleexplanationsfor this unexpectedresult. 
First, althoughthe memoryaidsgreatlyreducedcommunications,controllersmayhavefelt that 
the communicationswerenotcontributingmuchto theirworkloadin the first place. However, 
this explanationseemsunlikely sincemostcontrollerswould probablyagreethat 
communicationsarea majorsourceof workload. A morereasonableexplanationis thatthe 
memoryaidshadbothbeneficialeffects(tendingto decreaseworkload)and detrimentaleffects 
(tendingto increaseworkload)thatwerenearlyequalin strength.Mostlikely, the reductionin 
communicationshada beneficialeffectonworkload. However,the memoryaidsconsistedof 
arrival anddepartureproceduresthatwerenot routinelyusedby controllers.Perhaps,havingto 
considerthis relativelyunfamiliar informationwhile controllingtraffic hada detrimentaleffect 
onworkloadaswell. Thenetresultof thesebeneficialanddetrimentaleffectsmayhavehada 
cancelingeffectthatledto no changein controllers'workloadratings. 

Theresultsof the studyindicatedthattraffic volumehadstrongeffectson ATC perfomlance, 
SA, andworkload. For almosteverydependentvariableexamined,therewerelargedifferences 
betweenlow andhightraffic scenarios(exception:numberof handoffmisses).As expected, 
thereweremanymoreconflicts,altitudeassignments, andground-to-airheadingassignments, 
transmissionsin hightraffic scenarios.Also, it wasnotsurprisingthataircraft densitywasmuch 
greaterandthereweremoreflights completedin hightraffic scenarios.Perfomlancewas lower 
in hightraffic scenariosasindicatedby theparticipants'andexpertobserver'sratings. SA was 
lower in hightraffic scenariosasshownin the SAGATvariablesandtheparticipants'ratings. 
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Controller workload was higher in high traffic scenariosasrevealed by the participants' A TWIT 

ratings. 

4.3 FINAL CONTROLLER RATINGS AND COMMENTS. 

The results of the study concerning controllers' opinions and comments aboutthe experiment are 
reported in this section. Controllers' ratings obtained from the Final Questionnaire are 
summarized in tables that follow. In addition to providing ratings and comments regarding the 
effectiveness, usability, and acceptability of the experimentalarrival and departureprocedures, 
this questionnaire requestedopinions regarding a third potential memory aid referred to as 
"completing the transaction." This communication technique required controllers to issue all 
possible assignmentsto aircraft on initial radar contact. As experimentaltesting began, it 
became evident that most controllers alreadyusedthis technique routinely without special 
instructions. The usefulnessof this communication technique was limited becausethe 
experimental arrival and departureproceduresreducedthe need for assignmentson initial radar 
contact. However, completing the transactioncan potentially benefit controllers who do not use 
it already by reducing communications and the needto rememberplanned assignments. A 
summary of controllers' ratings regarding this technique is presented,as well as ratings of the 
memory aids that were more important to the experiment. The summary includes several ratings 
concerning the realism of the simulation and the intrusivenessof the measurementtechniques. 

One of the problems with this final ratings technique is that there is no obvious standardof 
comparison. Therefore, one reasonableway to interpret the results is to comparethe ratings to 
the mid-point (indifference point) of the scale. For most of the responsesin this questionnaire, 
mean ratings which exceeded5.5 on the 1a-point scalecan be thought of as indicating a 
favorable outcome. Although it may be tempting to comparethesefinal ratings to the results of 
the post-scenario ratings, these measurementtechniquesare very different and the comparison 
would have little meaning. The experimental methodsusedto collect and analyze the post­
scenarioratings were scientifically more valid. However, thesefinal ratings provided an 
additional means for evaluating the effectivenessof the proposed memory aids. Also, the 
questions were designedto elicit further comments from controllers which could benefit the 
research. 

A summaryof controllers'ratingsregardingtheeffectivenessof theproposedmemoryaidsfor 
improvingperformance,increasingSA, andreducingworkloadis shownin table 12. Although 
therewassomedisagreement,controllersratingsof effectivenessweregenerallyhigh. The 
resultsindicatedthatcontrollersthoughtthatthe memoryaidsweremostusefulfor reducing 
theirworkload, slightlylessusefulfor improvingperformance,andthe leastusefulfor increasing 
SA. Althoughthe differencewasverysmall,departureprocedureswereratedasgenerallymore 
effectivethanarrivalprocedures.Also, completingthe transactionwasthoughtto improve 
performancea greatdeal,while theeffectson SAwererelativelysmall. In additionto these 
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TABLE 12. A SUMMARY OFCONTROLLERS'RATINGS OFMEMORY AIDS 
EFFECTIVENESS 

How usefulwerethe memoryaidsfor improving,increasing,andreducingthe 
specifiedattributes? 

1 2 3 4 5 6 7 8 9 10 

Not Very Useful ExtremelyUseful 

Perfoffilance 
Mean(SD) 

Awareness 
Mean(SD) 

Workload 
Mean (SD)MemoryAids 

7.00(2.07) 
7.13 (1.96) 
8.13(1.45) 

6.38(2.28) 
6.69(2.06) 
6.38(2.63) 

7.50 (2.10) 
7.88 (1.67) 
7.81 (1.87) 

Arrival Procedures 
DepartureProcedures 
Completingthe Transaction 

ratings, controllers' mentioned several important issuesregarding the effectiveness of the 
memory aids in their comments. Many controllers thought that they could have done better in 
the simulation if they had beenmore familiar with the proposed memory aids. One controller 
commented, "The arrival and departureprocedureswould be much more useful if there was more 
time to study them and commit them to memory." It seemsthe training program that was 
developed to familiarize controllers with the memory aids was not totally successful. In 
retrospect, it may have beenexpecting too much from controllers to be able to memorize the 
experimental arrival and departureprocedurescompletely within the I-hour training session. 
Although a display of the procedureswas placed nearby for controllers to review as they worked 
traffic, it is likely that the memory aids would have beenmore effective if this information was 
committed to memory. Another controller stated,"I felt that the arrival and departureprocedures 
were helpful, but I worked hardermentally." In agreementwith results presentedearlier, 
comments like these suggestthat the memory aids had mixed effects on controller workload. 
Although the arrival and departureproceduresreducedcommunications and physical workload, 
the lack of familiarity with the memory aids may have increasedmental workload. 

Another issue mentioned by somecontrollers was that they were uncomfortable with the memory 
aids becausethey felt they lost control over the aircraft. One controller commented, "I think 1 
was fooled into thinking 1 didn't have to do anything. 1 felt that 1 wasn't really in control of the 
situations, but that 1 was just reactin_g."A few controllers made comments like this even though 
they were instructed that the memory aids did not guaranteeaircraft separation. The arrival and 
departureprocedurescan be thought of as a form of automationwhere certain functions were 
done for controllers without them needingto take any action. Although automation is more 
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commonly thought of as being performed by computers,pseudopilots accomplished the 
functions in the presentsimulation. There are always potential risks associatedwith automation 
in that the human operator may becomemore passive,less aware, and less able to respond when 
control actions are required. Thesenegative consequencesmay have beenexperienced by a few 
controllers in the presentexperiment. As one controller stated,"Actually, I think the arrival and 
departureproceduresdecreasedmy SA becauseI wasn't actually controlling all the action." 
Although there are many potential benefits of automation, there are risks aswell, and one 
important contribution of human factors researchis to evaluatethe impact of automation on 
controller effectiveness. 

Several controllers raised some other concernsaboutpotential disadvantagesof the memory aids. 
The arrival procedureswere designedto structurethe flow of traffic so that aircraft arriving from 
different directions would follow the sameflight path in the near vicinity- of the airport. It was 
reasonedthat it might benefit controllers to establisha standardapproachfor all aircraft, instead 
of having to assign different vectors to aircraft in orderto assisttheir approachto the airport. 
One controller commented, "Sometiines you can savethe pilot sometiine (and fuel) by taking 
him off the arrival and giving him a direct vector." Another controller stated,"The arrival 
proceduresincreasedworkload by putting aircraft in proximity to aircraft that wouldn't normally 
happen with vectors." For the arrival proceduresused in the presentstudy, both of these 
comments seemto have some merit and should be taken into consideration. If the arrival 
procedureswere designeddifferently, it may have beenpossible to minimize thesepotential 

disadvantages. 

A summary of controllers' ratings regarding the usability and acceptability of the proposed 
memory aids is shown in tables 13 and 14. Usability refers to how easythe memory aids were to 
use, while acceptability refers to controllers' willingness to usethe memory aids. Although these 
issuesmay seemless important than effectiveness,they are nonethelessrelevant to the final 
evaluation of the proposed memory aids. For example, if the memory aids were invoked by an 
awkward setof control instructions to pilots or a lengthy seriesof keystrokes on the keypack, 
then usability would be poor. Also, if controllers were not confident that the memory aids would 
benefit them or function reliably, then acceptability would be low. Although no usability 
problems were expected for the memory aids employed in the presentstudy, acceptability was 
less certain. As shown, controllers' ratings of both usability and acceptability were very high. 
However, a few controllers expressedsome apprehensionaboutusing the arrival procedures 
stating that they just felt saferby taking the aircraft off the arrivals. 

Table 15 presentsa summary of controllers' ratings regarding the realism of the simulation. In 
general, the controllers were very impressedwith the laboratory and agreedthat the realistic 
equipment and testing conditions createdan extremely high-fidelity simulation. Most of the 
controllers stated that the radar display of ACY airspacewas very accurate. One controller 
commented, "The only portion of the simulation that differed a greatdeal was the altitude 
structure and this was not hard to get usedto at all." Although some minor problems were noted, 
most controllers thought the traffic scenarioswere realistic. Two controllers mentioned, "There 
was much more IFR traffic than we're usedto," and "Most moderate or extremely busy days are 
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TABLE 13. A SUMMARY OFCONTROLLERS'RATINGS OFMEMORY 
AIDS USABILITY 

8.19(1.80) 
8.31 (1.70) 
8.38(1.54) 

Arrival Procedures 
DepartureProcedures 
Completingthe Transaction 

TABLE 14. A SUMMARY OFCONTROLLERS'RATINGS OFMEMORY 
AIDS ACCEPTABILITY 

7.81 (1.97) 
8.06(1.98) 
8.63(1.31) 

Arrival Procedures 
DepartureProcedures 
Completingthe Transaction 
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Pleaseratehow easythe memoryaidswereto use. 

1 2 3 4 5 6 7 8 9 10 

Not Very Easy ExtremelyEasy 

Usability 
Mean(SD)MemoryAids 

Pleaserateyourwillingnessto usethe memoryaids. 

1 2 3 4 5 6 7 8 9 10 

Not Very Willing ExtremelyWilling 

Acceptability 
Mean(SD)MemoryAids 



TABLE 15. A SUMMARY OFCONTROLLERS'RATINGS OF 
SIMULATION REALISM 

How realisticwerethe specifiedcharacteristicsof the simulation? 

2 3 4 5 6 7 8 9 10 

Not Very Realistic ExtremelyRealistic 

MemoryAids 
Realism 

Mean(SD) 

OverallRating 

Atlantic City Airspace 
Low Traffic Scenarios 
High Traffic Scenarios 

7.88(0.89) 

8.69(0.95) 
6.75 (1.53) 
7.06(1.24) 

almostalwaysVFR conditions." Anothercontrollerstated,"The sectorwould probablybe split 
upduringthe heavysessions."Thesecommentswill beconsideredin futureresearch.However, 
someslightdeviationsfrom realitywerenecessaryin the presentexperiment.The memoryaids 
wereintendedfor IFR traffic andit wasof interestto studytheireffectsunderbothnormaland 
unusuallybusyconditions. Therefore,IFR scenarioswereconstructedandcontrollerswere 
askedto work the entiresectoralone. 

Table 16displaysa summaryof controllers'ratingsregardingtheintrusivenessof the 
measurementtechniques.AlthoughATWIT andSAGAT werenotexpectedto interferewith the 
participants'ATC duties,datawerecollectedfromcontrollersto confirmthis expectation.As 
shown,controllers'ratingswereextremelylow indicatingthatneithertechniqueinterferedvery 
muchwith performance.MostcontrollerscommentedthatATWIT wasvery easyto useandthat 
SAGAT was not a majordistractionfor them. Therefore,theseresultssupportthe low 
interferenceconceptof ATWIT andSAGAT for usein ATC simulationresearch.However,it 
becameclearfrom controllerscommentsthat SAGATcouldbeimproved. 

A criticism made by severalparticipants was that it is not necessaryfor controllers to remember 
aircraft call signs to perform their job. In fact, the presentSAGAT procedure greatly depended 
on controllers' memory for aircraft call signs. In the information recall and spatial locations 
phases,controllers were required to rememberspecific information (such as altitude and heading 
or the location on the radar display) abouta particular aircraft that was denoted by its call sign. 
Many controllers stated that they could rememberthe locations of many of the aircraft on their 
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TABLE 16. A SUMMARY OF CONTROLLERS' RATINGS OF 
INTERFERENCE FROM THE MEASUREMENT TECHNIQUES 

To what extent did the specified measurementtechniquesinterfere with your 

performance? 

1 2 3 4 5 6 7 8 9 10 

Not Very Much A GreatDeal 

Interference 
Mean(SD)MeasurementTechniques 

radardisplay,but notthecall signsof theaircraft. In otherwords,controllersthoughtof the 
aircraftastargetsthatneededto be separatedanddirectedaccordingto their flight plans,but 
specificidentificationof thetargetsby call signwasnotnecessaryexceptfor communications. 
Thesecommentsprovidedvaluableinsightinto controllerSA thatwill beconsideredwhenusing 
SAGAT in future ATC simulations. 

Controllers' ratings obtained from the Information Importance Form are summarized in table 17. 
In this table, one important result to note is the aircraft information that controllers considered to 
be the most important to their job. As shown, the highest importance ratings (on both days) were 
given to current altitude, most recently assignedaltitude, current location, and arrival airport. 
Another important result to note is the agreementamong controllers as to the importance of the 
aircraft information. Controllers generally agreedthat current altitude, most recently assigned 
altitude, current location, and arrival airport were important information as indicated by the low 
standarddeviations. Although the importance ratings for aircraft call sign were rather high on 
the first day, the ratings were much lower and more variable on the secondday. The 
inconsistency in the ratings suggeststhat controllers did not agree on the importance of aircraft 
call signs. Lastly, the correlation betweenimportance ratings on the two days is reported, but is a 
less relevant measureof consistency. 

4.3.1 Summ~ and Conclusions. 

Controllers'final ratingsweregenerallyfavorableregardingtheeffectivenessof theproposed 
memoryaidsfor improvingperformance,increasingSA, andreducingworkload. However, 
manycontrollersthoughtthatthe memoryaidswouldhavebeenmoreusefulif therehad been 
moretime to becomefamiliar with the newprocedures.Somecontrollersexpressedconcern 
aboutusingthe memoryaidsbecausetheyfelt like theywereno longerin controlof aircraft. 
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TABLE 17. A SUMMARY OFCONTROLLERS'RATINGS OF IMPORTANCEFOR 
AIRCRAFT INFORMATION 

Pleaserate the importance of the following aircraft information for controller -

performance. 

1 2 3 4 5 6 7 8 9 10 
Not Very Important Extremely Important

J r---6. 

Day1 Day2 Correlation 
Type of Infonnation Mean (SD) Mean (SD) Day l/Day 2Aircraft Call Sign 9.38 (1.36) 7.19 (3:08) ---010.11-01-

Aircraft Type 8.06(1.61) 6.88(2.63) 0.76** 
Aircraft BeaconCode 5.69(3.11) 4.44(2.45) 0.57* 
ControllerOwnership 7.25(3.09) 7.06(3.19) 0.84** 
EntryAltitude 7.75(2.24) 7.19(2.59) 0.76** 
EntryAirspeed 5.94(2.17) 4.44(2.28) 0.22 
Entry Fix 7.19(2.34) 6.88(2.83) 0.65* 
Exit Altitude 7.25(2.79) 7.38 (2.50) 0.51** 
Exit Airspeed 5.06(1.91) 3.69 (2.12) 0.45 
Exit Fix 7.06(1.95) 6.75 (2.67) 0.40 
Arrival Airport (within Sector) 8.81 (1.11) 8.06(1.95) 0.68** 
DepartureAirport (within Sector) 8.13(1.75) 7.75(2.02) 0.58* 
CurrentAltitude 9.06(1.12) 8.94(1.06) 0.12 
CurrentAirspeed 6.25(2.18) 5.75(2.32) 0.50* 
CurrentHeading 7.88(1.89) 7.31 (2.39) 0.51* 
CurrentAircraft Location 9.13(1.20) 8.56(1.26) 0.48 
CurrentBad WeatherLocation 7.00(1.71) 6.75(2.49) 0.39 
Most RecentlyAssignedAltitude 9.06(1.44) 8.75 (1.18) 0.52* 
Most RecentlyAssignedAirspeed 7.25(2.05) 6.63(2.16) 0.19 
Most RecentlyAssignedHeading 8.06(1.65) 7.56(2.13) 0.75** 
Aircraft Holding/Spinning 7.19(2.48) 6.75(2.62) 0.70** 
Aircraft Waiting for Handoff/Release 7.31 (2.27) 6.50(2.50) 0.72** 
Aircraft Near Exit Fix/Arrival Airport 8.31 (1.25) 8.19(1.17) 0.55* 
Densityof Aircraft onRadarDisplay 7.31 (2.33) 8.00(1.75) 0.31 

** indicates a significant effect, p < 0.01 
* indicates a significant effect, p < 0.05 
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Also, a few controllersmentionedthattherewereotherdisadvantagesin usingthe arrival 
proceduresrelativeto assigningdirectvectors,suchasincreasedflight time andfuel 
consumption.Finally, controllers'ratingswereveryfavorableconcerningthe usabilityand 
acceptabilityof the memoryaids. 

Controllers' ratings of simulation realism were very high, and there were many positive 
comments about the accuracyof the airspaceand traffic scenarios. Also, the experimenters 
observed that the participant controllers were very motivated to do well and took the simulation 
very seriously. Given the fidelity of the simulation and motivation of controllers, the results of 
the present study should be directly applicable to "real-world" ATC. Controllers generally 
agreedthat the measurementtechniques that were usedduring the simulation did not interfere 
with their efforts to control aircraft. Severalcommentssuggestedhow the present SAGA T 
procedure could be improved in future research. Controllers' ratings indicated that the aircraft 
information that is most important for their work is current altitude, most recently assigned 
altitude, current location, and arrival airport. This information will be considered when planning 
future memory enhancementexperiments. 

5. CONCLUSIONS. 

The results that were most relevant to the goals of this study, as well as sometentative 
conclusions, are presentedbelow. 

1. The memory aids decreasedthe number of ground-to-air transmissions,including both 
altitude and heading assignments. 

2. The memory aids reducedthe number of handoff misses, but not the number of conflict 
errors. 

3. Controllers'andthe expertobserver'sratingsof performanceindicatedthatthe memoryaids 
slightly increasedperceivedperformancein low traffic scenarios,but slightly decreased 
perceivedperformancein hightraffic scenarios. 

4. Controllers'ratingsof SAwereslightly higherwith the memoryaids,butthe SAGAT 
measuresindicatedthatthe memoryaidshadno effectonSA. 

5. Controllers'ratingsof workload,asmeasuredby ATWIT, werenotaffectedby the memory 
aids,butweredirectlyrelatedto thetaskloadin scenarios. 

6. High traffic scenarioswererelatedto decreasedperformance,loweredSA, andincreased 
workloadrelativeto low traffic scenarios. 

7. Controllers'ratingsof SA did notcorrelatewith theobjectivemeasuresof SA obtainedby the 
presentSAGAT procedure. 

8. Controllers'commentsindicatedthattheydid nothaveenoughtime to learnthe memoryaids 
completely. 
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9. Controllers'commentsindicatedthataccuracyin the presentSAGATprocedurerequired 
themto rememberaircraftcall signswhichtheyfelt wasnotnecessaryin actualATC. 

10. Althoughsomedisadvantageswerementioned,mostcontrollersfelt the memoryaidswere 
helpful andratingsof effectiveness,usability,andacceptabilitywerefavorable. 

11. The memoryaidsdid notimprovecontrollerperformance,increaseSA, or reduceworkload 
asmuchasexpected.However,the memoryaidsmayhavebeenmoreeffectiveif controllers 
hadmoretime to learnthe experimentalprocedures. 

12. The presentstudydid not confinnthe utility of the SAGATprocedureasanaccurate 
objectivemeasureof SA. However,the presentexperimentinvolveda uniquefonnat for the 
SAGAT questionsandtheresultshaveprovideddirectionfor improvementof thetechniquein 
futureresearch. 
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APPENDIX A 
QUESTIONNAIRES 

INITIAL QUESTIONNAIRE 

ParticipantCode Date 

INSTRUCnONS 

The purpose of this questionnaire is to obtain infonnation concerning your- background and 
feelings about this study in order to better understandyour perfonnance during the course of the 
experiment. This infonnation will be used to describe the participants in this study as a group 
and then relate the group's characteristics to how you perfonn and what you tell us during the 
experiment. So that your identity can remain anonymous, your actual name should not be 
written on this fonD. Instead, your data will be identified by a participant code known only to 
yourself and the experimenters. 

1\_1 



A-2 

1)Whatis yourage,in years? 

years 

2) How manyyearshaveyou activelycontrolledtraffic? 

years 

3) How manymonthsin the pastyearhaveyou activelycontrolledtraffic? 

months 

4) Whatis your currentpositionasan airtraffic controller? 

0 Developmental 0 Full PerformanceLevel D Other 

5) Do youwearcorrectivelenses? 

0 Yes ONo 

If yes,do youhavethemwith you? 

DYes DNo 

6) Circle the number which bestdescribesyour current skill as an air traffic controller. 

I 
Not Very 
Skilled 

2 3 4 5 7 86 9 10 

Extremely 
Skilled 

7) Circle the numberwhich bestdescribesyour motivationto participatein this study. 

1 
Not Very 
Motivated 

2 3 4 5 6 7 8 9 10 

Extremely 
Motivated 

8) Circle the numberwhich bestdescribesyour currentstateof health. 

2 
Not Very 
Healthy 

3 4 5 6 7 8 9 10 
Extremely 
Healthy 

9) Circle the numberwhich bestdescribesyourlevel of videogameexperience. 

1 
Not Very 

Experienced 

2 3 4 5 6 7 8 9 10 

Extremely 
Experienced 



POST-SCENARIOQUESTIONNAIRE 

Participant Code Date 

ScenarioCode 

INSTRUCTIONS 

The purpose of this questionnaire is to obtain information concerning different aspects of the 
scenario just completed. This information will be used to determine how the manipulations in 
this scenario affect your opinions. As you answer each question, feel free to use the entire 
numerical scale. Please be as honest and as accurate as you can. So that your identity can 
remain anonymous, your actual name should not be written on this form. Instead, your data will 
be identified by a participant code known only to yourself and the experimenters. 

A-3




1) Pleasecircle the numberbelowwhich bestdescribeshowhardyouwereworking during 
this scenario. 

1 
2 
3 

Very Low Workload 
(All tasks were accomplished easily and quickly) 

ModerateWorkload 
(Thechancesfor erroror omissionwerelow) 

RelativelyHigh Workload 
(Thechancesfor someerroror omissionwererelativelyhigh) 

Very High Workload 
(It wasnotpossibleto accomplishall tasksproperly) 

2) How well did youcontroltraffic in this scenario? 

1 
Not Very 

Well 

2 3 4 5 6 7 8 9 10 

Extremely 
Well 

3) Pleaserate your overall situational awarenessduring this scenario. 

1 
Not Very 

Aware 

2 3 4 5 6 7 8 9 10 
Extremely 

Aware 

4) Pleaserateyour situationalawarenessfor currentaircraftlocationsduringthis scenario. 

1 
Not Very 
Aware 

2 3 4 5 6 7 8 9 10 

Extremely 
Aware 

5) Pleaserateyour situationalawarenessfor projectedaircraftlocationsduringthis scenario. 

1 
Not Very 
Aware 

2 3 4 5 6 7 8 9 10 

Extremely 
Aware 
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A-5 

6) Pleaserate your situational awarenessfor potential safetyviolations during this scenario. 

1 
Not Very 
Aware 

2 3 4 5 6 7 8 9 10 

Extremely 
Aware 

7) How difficult wasthis scenario? 

1 
Not Very 
Difficult 

2 3 4 5 76 8 9 10 

Extremely 
Difficult 



OBSERVER CHECKLIST 

ParticipantCode Date 

ScenarioCode 

INSTRUCTIONS 

The purposeof this questionnaireis to obtain informationconcerningthe participant'sstyle of 
controlling traffic in the scenariojust completed. Controllers may use different techniques 
during the scenario,however,you shouldindicatethe participant'smost frequentactionunless 
requestedotherwise. Also, you shouldwait until the scenariohasfinishedto indicateyour final 
decisions,althoughpleasefeel freeto makepreliminarynotesduringthe courseof the scenario. 
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ScanningTechniques 

1) Which statementbestdescribesthecontroller'sscanningpattern? 

QHot Spot Scanning 

(Controller concentratesattention to a location on the scope that has the heaviest 
volume of traffic.) 

OEntire ScopeScanning 
(Controllerfollows theradarsweepandtakesactionaccordingly.) 

0 Centerof Scopeto OuterEdges 
(Controllerstartsat airportandworksoutwardto scopesedge.) 

0 ScanningDivided BetweenScopeandStrips 
(Controllerusesoneof thetechniquesabove(pleaseindicate)but scanningpattern 
alsoincludesusingflight progressstripsasmemoryaid.) 

D OtherScanningTechniques 

2) Whatwasthe extentof relianceplacedondisplayeddata? 

0 Lessthan 50% 0 50% to 75% 0 More than 75% 

3) Did the controllerconstantlyscanthe scopeupdatinginfomlationasit becameavailable? 

DYes DNo 

4) Did the controlleruseflight progressstripswhentraffic conditionsweremoderateto 
.~ 

heavy.t 

DYes DNo 
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DecisionMaking Processes 

1) Which statementbestdescribesthe controller's decision making process? 

0 Controller immediately took action to resolve the potential of an impending 
conflicts. 

0 Controller projected flight plan conflict, planned appropriate action to eliminate 
conflict and then actedaccordingly. 

0 Controller projected flight plan conflict, waited until it was apparentthat a 
conflict was imminent and then took corrective action. 

Q Controller either was not awareof an impending conflict or waited until the last 
minute to take corrective action. 

0 Controller was overwhelmed with traffic and took corrective action in an 
unorganized, unplannedmanner. The actions taken were not always prioritized. 

0 Other Decision Making Processes 
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CommunicationSkills 

The controller used incorrect phraseology. 

[J Rarely 0 Occasionally 0 Frequently 

2) The controllerusedextraneoustransmissions. 

D Rarely 0 Occasionally 0 Frequently 

3) The controllerrepeatedcontrolinstructions. 

[J Rarely 0 Occasionally 0 Frequently 

4) The controllerusedimpropervoiceinflections. 

0 Rarely 0 Occasionally 0 Frequently 

SeparationTechniques 
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OtherObservedTechniques 

I) 	 Whichof thesetechniquesbestdescribethecontroller'soverall approachto working traffic 
duringthe scenario?If morethanonetechniquewasused,pleaseindicatewhich ones. 

LJCompletedthe Transaction 

(Initially performedmosttasksassociatedwith controllingtheaircraft.: 

D Standardization 

(Usedthe sameroute,speedandcontrolinstructionswheneverpossible.) 

DChunking 

(placed control instructions into familiar units and recalled them as one chunk. 

OPreplanning 

(Reviewed flight progressstrips for pending traffic and formulated a tentative plan 
prior to actually working the traffic.) 

OVisualization 

(Envisionedtheprojectedrouteof all traffic undertheir controlandmentally 
imagedtheflight's progressthroughtheir airspace.) 

OPrioritization 

(The ability to correctly determine which aircraft rate the highest priority when 
issuing corrective control instructions.) 

DTimeliness 

(The ability to issuecontrolinstructionsin aneffective(timely) manner.) 

{JProfessionalism 

(The mannerin whichthe controllerassumedcontrolof theposition. This area 
dealswith voiceinflection, speechrateandcommoncourtesyfor otherssharinga 
commonvoice frequency.) 

0 Randomization 

(Controllerdid nothavea definiteapproachor gameplan for working thetraffic. 
This techniquefor controllingtraffic becamemoreobviousundermoderateor 
heavytraffic conditions.) 

0 Additional Comments 
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SubjectiveAnalysisof Performance 
I) Pleasecircle the numberbelowwhich bestdescribeshowhardthe controllerwasworking 

duringthis scenario. 

1 
2 
3 

Very Low Workload 
(All taskswereaccomplishedeasilyandquickly) 

ModerateWorkload 
(Thechancesfor erroror omissionwerelow) 

RelativelyHigh Workload 
(Thechancesfor someerroror omissionwererelativelyhigh) 

Very High Workload 
(It wasnotpossibleto accomplishall tasksproperly) 

12 

2) How well did the participantcontroltraffic duringthis scenario? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 

Well Well 

How oftendid the participantusethearrivalanddepartureproceduresduringthis scenario? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 

Often Often 

3) 

How oftendid the participantuse"completethetransaction"communicationsduringthis 
scenario? 
1 2 3 4 5 6 7 8 9 10 

Not Very Extremely 
Often Often 

4) 

How well did the controllerutilize time duringthis scenario? 

1 2 3 4 5 6 7 8 
Not Very 

Well 

5) 
10 

Extremely 
Well 

How well wasthe controllerableto recognizehis/hertraffic capacitylimitations duringthis 
scenario? 
1 2 3 4 5 6 7 8 9 10 

Not Very Extremely 
Well Well 

6) 

A-II 
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INFORMATION IMPORTANCE FORM 

ParticipantCode Date 

INSTRUCTIONS 

The purpose of this questionnaire is to obtain responsesconcerning the importance of different 
kinds of aircraft information. This information will be used to relate your importance ratings to 
your situational awareness. As you answer eachquestion, feel free to use the entire numerical 
scale. Please be as honest and as accurate as you can. So that your identity can remain 
anonymous, your actual name should not be written on this form. Instead, your data will be 
identified by a participant code known only to yourself and the experimenters. 
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Pleaserate the importance of the following aircraft information for controller performance. 

1 -Not Very Important 10 -Extremely Important 

Aircraft Type 1 2 3 4 5 6 7 8 9 10 

Aircraft BeaconCode 1 2 3 4 5 6 7 8 9 10 

ControllerOwnership 1 2 3 4 5 6 7 8 9 10 

EntryAltitude 1 2 3 4 5 6 7 8 9 10 

EntryAirspeed 1 2 3 4 5 6 7 8 9 10 

Entry Fix 1 2 3 4 5 6 7 8 9 10 

Exit Altitude 1 2 3 4 5 6 7 8 9 10 

Exit Airspeed 

Exit Fix 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

Arrival Airport (within Sector) 

DepartureAirport (within Sector) 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

CurrentAltitude 2 3 4 5 6 7 8 9 10 

Current Airspeed 

Current Headi1:lg 

Current Aircraft Location 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

Most RecentlyAssignedAltitude 1 2 3 4 5 6 7 8 9 10 

2Most RecentlyAssignedAirspeed 1


Most RecentlyAssignedHeading 1


Aircraft Holding/Spinning 1


Aircraft Waiting for Handoff/Release1


Aircraft Near Exit Fix!Arrival Airport 1


Densityof Aircraft onRadarDisplay 1
 2 3 4 5 6 7 8 9 10 

3 4 5 6 7 8 9 10 

2 3 4 5 6 7 8 9 10 

2 3 4 5 6 7 8 9 10 

2 3 4 5 6 7 8 9 10 

2 3 4 5 6 7 8 9 10 
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FINAL QUESTIONNAIRE 

ParticipantCode Date 

INSTRUCTIONS 

The purposeof this questionnaireis to obtainfeedbackfrom you concerningdifferentaspectsof 
the experiment. This information will be usedto improve our simulation in the future. In 
additionto ratings,youwill be askedto makecommentson someof the questions.Evenif your 
ratingsare ratherfavorable,you maywish to makefurthercomments.If you feel you have any 
helpful ideasregardingthis experiment,we would like to hear from you! So that your identity 
can remainanonymous,your actualnameshouldnot be written onthis form. Instead,your data 
will be identified by a participantcodeknownonlyto yourselfandtheexperimenters. 
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7 8 9 

1) In general, how realistic was the simulation? 

1 2 3 4 5 6 
Not Very 
Realistic 

10 

Extremely 
Realistic 

If appropriate, please comment on why the simulation was not realistic? 

2) How accuratelydid the simulationdepictAtlantic City airspace? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Accurate Accurate 

If appropriate,pleasecommenton why Atlantic City airspacewasnotaccurate? 

3) How accuratelydid low taskloadscenariossimulateAtlantic City traffic duringa 
moderatelybusyday? 
1 2 3 4 5 6 7 8 9 10 

Extremely
Accurate 

Not Very 
Accurate 

If appropriate,pleasecommenton why low taskloadscenarioswerenotaccurate? 
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4) How accuratelydid hightaskloadscenariossimulateAtlantic City traffic duringan 
extremelybusyday? 
1 2 3 4 5 6 7 8 9 10 

Not Very Extremely 
Accurate Accurate 

If appropriate,pleasecommenton why hightaskloadscenarioswerenotaccurate? 

5) How usefulwerethe experimentalarrivalproceduresfor improving yourperformance? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Useful Useful 

If appropriate,pleasetry to describewhytheexperimentalarrivalprocedureswerenot 
useful for improving yourperformance? 

6) How usefulweretheexperimentaldepartureproceduresfor improving yourperformance? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Useful Useful 

If appropriate,pleasetry to describewhy the experimentaldepartureprocedureswere not 
useful for improving yourperformance? 

A-16 



7) How useful was the "completing the transaction" technique for improving your 

performance? 
1 2 3 4 5 6 7 8 9 10 

Not Very Extremely 
Useful Useful 

If appropriate, pleasetry to describe why the "completing the transaction" technique was 
not useful for improving your performance? 

8) How usefulwerethe experimentalarrivalproceduresfor increasingyour situational 
awareness? 

I 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Useful Useful 

If appropriate,pleasetry to describewhythe experimentalarrival procedureswerenot 
useful for improving yoursituationalawareness? 

9) How usefulwerethe experimentaldepartureproceduresfor increasingyoursituational 
awareness? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Useful Useful 

If appropriate,pleasetry to describewhytheexperimentaldepartureprocedureswere not 
useful for improving yoursituationalawareness? 
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10) How useful was the "completing the transaction" technique for increasing your situational 
awareness? 

1 2 3 4 5 6 7 8 9 

NotVery 
Useful 

10 
Extremely 

Useful 

If appropriate,pleasetry to describewhy the"completingthetransaction"techniquewas 
not usefulfor improving yoursituationalawareness? 

12) How usefulweretheexperimentaldepartureproceduresfor reducingyour air traffic 
workload? 

1 2 3 4 5 6 7 8 9 
Not Very 
Useful 

10 
Extremely 

Useful 

If appropriate, pleasetry to describe why the experimental departureprocedureswere not 
useful for reducing your air traffic workload? 
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11) How useful were the experimental arrival proceduresfor reducing your air traffic 
workload? 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Useful Useful 

If appropriate,pleasetry to describewhythe experimentalarrivalprocedureswerenot 
useful for reducingyour airtraffic workload? 



13) How usefulwasthe"completingthetransaction"techniquefor reducingyour air traffic 
workload? 

I 2 3 4 5 6 7 8 9 
Not Very 
Useful 

10 
Extremely 

Useful 

If appropriate, pleasetry to describe why the "completing the transaction" technique was 
not useful for reducing your air traffic workload? 
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14) Pleaserate how easythe experimental arrival procedureswere to use. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 

Easy Easy 

If appropriate, pleasetry to describe why the experimental arrival procedureswere not easy 
to use? 

15) Pleaserate how easythe experimental departureprocedureswere to use. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 

Easy Easy 

If appropriate,pleasetry to describewhy theexperimentaldepartureprocedureswerenot 
easyto use? 



16) Pleaseratehow easythe "completingthetransaction"techniquewasto use. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 

Easy Easy 

If appropriate, pleasetry to describe why the "completing the transaction" technique was 
not easyto use? 

17) Pleaserateyourwillingnessto usetheexperimentalarrivalprocedures. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Willing Willing 

18) Pleaserateyourwillingnessto usetheexperimentaldepartureprocedures. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Willing Willing 
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If appropriate,pleasecommenton why youwerenotwilling to usetheexperimentalarrival 
procedures? 

If appropriate,pleasecommenton why youwerenotwilling to usetheexperimental 
departureprocedures? 
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19) Pleaserateyourwillingnessto usethe"completingthetransaction"technique. 

1 2 3 4 5 6 7 8 9 10 
Not Very Extremely 
Willing Willing 

If appropriate, please comment on why you were not willing to usethe "completing the 
transaction" technique? 

20) To what extent did the ATWIT probe technique interfere With your perfoffilance? 

1 2 3 4 5 6 7 8 9 1.0 

NotVery A Great 
Much Deal 

21) To what extentdid the SAGATprobetechniqueinterferewith yourperfornlance? 

1 2 3 4 5 6 7 8 9 10 
Not Very A Great 

Much Deal 



22) If youhaveanyideasregardingmemoryaidsfor air traffic controllers,pleasedescribeyour 
ideasbelow. 

23)If youhaveanyothercommentsor suggestionsregardingthis experiment,pleasewrite your 
ideasbelow. 

A-22 



APPENDIX B 
SAGATMATERIALS 

SITUATIONAL AWARENESS QUESTIONNAIRE 

ParticipantCode Date 

ScenarioCode 

INSTRUCTIONS 

Most controller's think of situational awarenessas the ability to maintain a "mental picture" of 
the air traffic depicted on the radar display. Although this definition captures the essenceof 
situational awareness,a more complete description involves an awarenessof these three aspects 
of the air traffic environment: current locations of aircraft, projected locations of aircraft and an 
understanding of how this information relates to air traffic control system goals. The following 
questions are intended to assessboth critical and less important information regarding these three 
aspects of your situational awareness. Try to proceed through the questions as quickly as 
possible making your best guess if you are not certain of the correct answer. So that your 
identity can remain anonymous, your actual name should not be written on this form. Instead, 
your datawill be identified by a participant code known only to yourself and the experimenters. 
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(Always Presented-Preliminary Question) 

1) Hasthe specifiedaircraftbeenclearedfor a runwayapproach? 

DNo DYes 

(Always Presented-Preliminary Question) 

2) Has the specified aircraft beenhandedoff to anothercontroller? 

DNo DYes 

(presentedfor All Aircraft Flight Plans) 

3) How many aircraft (controlled by you) are within a 5 mile radius and below the specified 
aircraft? 

Aircraft 

(Presentedfor All Aircraft Flight Plans) 

4) How manyaircraft(controlledby you)arewithin a 5 mile radiusandabovethe specified 
aircraft? 

Aircraft 

(presentedfor All Aircraft Flight Plans) 

5) How many aircraft (controlled by you) are within a 10 mile radius and at the samealtitude 
as the specified aircraft? 

Aircraft 

(presentedfor All Aircraft Flight Plans) 

6) What is the current altitude (in feet) of the specified aircraft? 

Current Altitude feet 

(presentedfor All Aircraft Flight Plans) 

7) Whatis the currentairspeed(in knots)of the specifiedaircraft? 

CurrentAirspeed knots 

(presentedfor All Aircraft Flight Plans) 

8) Whatis the currentheadingor fix of the specifiedaircraft? 

CurrentHeading 
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(presentedfor All Aircraft Flight Plans) 

9) Whatwasthe mostrecentlyassignedaltitude(in feet)for the specifiedaircraft? 

ONo AssignmentMade AssignedAltitude feet 

(presentedfor All Aircraft Flight Plans) 

10)Whatwasthe mostrecentlyassignedairspeed(in knots)for the specifiedaircraft? 

[JNo AssignmentMade AssignedAirspeed knots 

(Presentedfor All Aircraft Flight Plans) 

11) What was the most recently assignedheading or fix for the specified aircraft according? 

0 No Assignment Made Assigned Heading 

(Presentedfor Arrival Aircraft Only) 

12) What will be the arrival airport of the specified aircraft? 

Arrival Airport 

(Presentedfor Arrival andOverflight Aircraft Only) 

13)Whatwill bethe entryfix of the specifiedaircraft? 

Entry Fix 

(presentedfor DepartureAircraft Only) 

14) What will be the departure airport of the specified aircraft? 

Departure Airport 

(presentedfor DepartureandOverflight Aircraft Only) 

15) Whatwill bethe exit fix of thespecifiedaircraft? 

Exit Fix 
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SPATIAL LOCATION MAP 

INSTRUCTIONS 
Listedare eightaircraftcall signsanda numberassociatedwith eachaircraft. You shouldplace 
the numberthatrepresentseachaircraft in the properlocationonthe mapprovidedbelow. 

1 -N272A 
2 -N72XG 
3 -N2814R 
4 -PDT3133 
5 -N41JA 
6 -N40ZG 
7 -RDB743 
8 -2147Z 

0 0 

0 

0 

0 

0 

x 

0 
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APPENDIX C 
SUMMARY TABLES 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
MeanTRAFFIC 

0.06(0.17) 
0.31 (0.48) 

0.00 (0.00) 
0.50 (0.58) 

NO MEMORY AIDS 
Mean~D) 

MEMORY AIDS 
Mean (SD)TRAFFIC 

0.13(0.29) 
0.06(0.17) 

0.03 (0.13) 
0.03 @J3) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean(SD)TRAPFIC 

13.25(1.91) 
23.34(2.54) 

5.03 (1.19) 
12.13 (2.30) 
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TABLE C2. MEANS AND STANDARDDEVIATIONS FORTHE NUMBER 
OF HANDOFFMISSES(NHOMISS) 

TABLE C3. MEANS AND STANDARD DEVIATIONS FOR THE NUMBER 
OF ALTITUDE ASSIGNMENTS (NAL T) 

TABLE CI MEANS AND STANDARDDEVIATIONS FORTHE NUMBER 
OFCONFLICTS(NCNF) 



TABLE C4. MEANS AND STANDARDDEVIATIONS FORTHE NUMBER 
OFHEADING ASSIGNMENTS(NHDG) 

NO MEMORY AIDS 

Mean~p) 
MEMORY AIDS 

Mean (~!?)TRAFFIC 
15.59(2.54) 
28.38(3.07) 

3.47(0.76) 
11.66(2.94) 

TABLE C5. MEANS AND STANDARDDEVIAnONS FORTHE NUMBER 
OF SPEEDASSIGNMENTS(NSPD) 

NO MEMORY AIDS 
Mean (SD) 

MEMORY AIDS 
Mean (SD)TRAFFIC 

0.03(0.13) 
0.38(0.72) 

0.25 (0.45) 
0.34(0.51) 

TABLEC6. MEANS AND STANDARDDEVIATIONS FORTHE NUMBER 
OFGROUND-TO-AIR TRANSMISSIONS(NPTT) 

NO MEMORY AIDS 
~an (SD) 

MEMORY AIDS 
Mean(SD)TRAFFIC 

36.81(7.95) 
60.69(8.75) 

28.37(3.74) 
50.23(6.26) 
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TABLEC7. MEANS AND STANDARDDEVIATIONS FORTHE 
CUMULAnVE AVERAGE OF SYSTEMACnVITY (CMAV) 

NO MEMORY AIDS 

~an (SD) 
MEMORY AIDS 

Mean (SD)TRAFFIC 

1.49(0.29) 
5.21 (0.42) 

1.59(0.34) 
5.30 (0.40) 

TABLE C8. MEANS AND STANDARDDEVIATIONS FORTHE NUMBER 
OFFLIGHTS COMPLETED(NCOMP) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean(SD)TRAFFIC 

9.50(0.88) 
14.09(0.99) 

9.59 (0.78) 
14.59(1.94) 

TABLEC9. MEANS AND STANDARDDEVIATIONS FORTHE 
PERCENTAGEOFPOINTSOBTAINED IN THE 
INFORMATION RECALL PHASE(SGnR) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean(SD)TRAFFIC 

72.93(10.40) 
61.06(17.09) 

73.82 (14.91) 
60.73(18.79) 
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TABLE CIO. MEANS AND STANDARDDEVIATIONS FORTHE 
PERCENTAGEOFPOINTSOBTAINED IN THE SPATIAL 
LOCATION PHASE(SGTSL) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean (§P)TRAFFIC 

73.96(20.56) 
64.04(17.17) 

69.24 (22.62) 
55.35 (17.81) 

TABLE C11. MEANS AND STANDARDDEVIATIONS FORTHE AIR 
TRAFFIC WORKLOAD INPUT TECHNIQUE(ATWIT) 

NO MEMORY AIDS 

_Mean (SD) 
MEMORY AIDS 

Mean(SD)TRAFFIC 
2.31 (0.86) 
4.62(1.08) 

2.38 (0.75) 
~.59 (1.15) 

TABLE C12. MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SWORKLOAD RATING(pSQWRK) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean (SD)TRAFFIC 

3.34(1.19) 
7.94(~) 

3.22(1.06) 
7.63 (1.54) 
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TABLE C13. MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SPERFORMANCERATING (PSQPFM) 

NO MEMORY AIDS 
~an (SD) 

MEMORY AIDS 
Mean (SD)TRAFFIC 

8.38(1.13) 
7.16(1.11) 

8.59(1.16) 
6.78 (1.45) 

TABLE C14, 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean(SD)TRAFFIC 

8.31 (1.17) 
6.91 (1.40) 

8.81 (1.00) 
7.16(1.51) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean@TRAPFIC 

7.75 (1.49) 
6.72 (1-:12:) 

7.81 (1.38) 

6~(1.54) 
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MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SOVERALL SITUATIONAL AWARENESS 
RATING (PSQSAW) 

TABLE CIS MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SCURRENTAIRCRAFT LOCAnON 
AWARENESSRATING (PSQCAL) 



TABLE C16. MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SPROJECTEDAIRCRAFT LOCATION 
AWARENESSRATING (PSQPAL) 

NO MEMORY AIDS 

~ean (SD) 
MEMORY AIDS 

Mean(SD)TRAFFIC 
8.16(1.26) 
6.78 (1.78) 

8.16(1.43) 
6.69 (2.06) 

TABLE C17. MEANS AND STANDARDDEVIATIONS FORTHE 
CONTROLLER'SPOTENTIALSAFETYVIOLATIONS 
AWARENESSRATING (PSQPSV) 

NO MEMORY AIDS 

_Mean (SD) 
MEMORY AIDS 

Me~(SD)TRAFFIC 
8.94(0.98) 
8.16(~4) 

9.19(0.60) 
7.63 (1.95) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean (SD)TRAFFIC 

3.13(1.34) 
7.56(1.20) 

2.88 (1.28) 
7.50 (1.37) 
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TABLE C18 MEANS AND STANDARDDEVIAllONS FORTHE 
CONTROLLER'SSCENARIODIFFICULTY RATING 
(PSQDIF) 



--

TABLE C19. MEANS AND STANDARDDEVIATIONS FORTHE EXPERT 
OBSERVER'SWORKLOAD RATING (OBSWRK) 

NO MEMORY AIDS 
Mean (S]!l 

MEMORY AIDS 
Mean(SD)TRAFFIC 

3.44(1.01) 
8.53(1.32) 

3.25 (0.52) 
8.31 (1.62) 

TABLE C20.MEANS AND STANDARDDEVIATIONS FORTHE EXPERT 
OBSERVER'SPERFORMANCERATING (OBSPFM) 

NO MEMORY AIDS 
Mean(SD) 

MEMORY AIDS 
Mean(SD)TRAFFIC 

8.66(0.91) 
7.17(1.08) 

9.16 (0.70) 
6.84(1.55) 
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APPENDIX D 
ANOVA TABLES 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBffiCT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC*SUBJECT 
MEMORY*TRAFFIC 
MEMORY*TRAFFIC*SUBJECT 

0.03 
0.01 
0.01 
0.37 
0.02 
0.04 
0.01 

0.71 0.41 

12.17 0.00 

2.73 0.11 

9583 
0417 
45835000 

9167 
1667 
5278 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC*SUBJECT 
MEMORY*TRAFFIC 
MEMORY*TRAFFIC*SUBJECT 

0.100000 
0.062500 
0.012500 
0.015625 
0.015625 
0.015625 
0.015625 

5.00 0.04 

1.00 0.33 

1.00 0.33 

Sourceof Variation DF Mean SQuare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC* SUBJECT 

MEMORY*TRAFFIC 
MEMORY*TRAFFIC* SUBJECT 

7.225000 
1511.265625 

4.090625 
1181.640625 

2.582292 
36.000000 
2.925000 

369.45 0.00 

457.59 0.00 

12.31 0.00 
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TABLE D2. ANOVA RESULTSFORTHE NUMBER OF HANDOFF 
MISSES(NHOMISS) 

TABLED3. ANOVA RESULTSFORTHE NUMBER OF ALITITUDE 
ASSIGNMENTS(NALT) 

TABLE DI. ANOVA RESULTSFORTHE NUMBER OFCONFLICTS 
(NCNF) 



Sourceof Variation DF Me~Square F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMO RY*TRAFFI C* SUBJECT 

11.801822 
3327.847656 

7.097656 
1758.753906 

4.687240 
84.410156 

1.510156 

468.87 0.00 

375.22 

55.89 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMOR Y*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

0.341667 
0.140625 
0.182292 
0.765625 
0.240625 
0.250000 
0.225000 

0.77 

3.18 

1.11 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMOR Y* TRAFFIC * SUBJECT 

108.463333 
1396.837500 

52.989286 
8010.602781 

7.077222 
17.604167 
26.184524 

26.36 0.00 

1131.89 0.00 

0.67 
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TABLED4. ANOVA RESULTSFORTHE NUMBER OFHEADING 
ASSIGNMENTS(NHDG) 

TABLEDS, ANOVA RESULTSFORTHE NUMBER OF SPEED 
ASSIGNMENTS(NSPD) 

TABLE D6. ANOV A RESULTS FOR THE NUMBER OF GROUND- TO-AIR 
TRANSMISSIONS (NPTT) 



TABLED7. ANOVA RESULTSFORTHE CUMULATIVE AVERAGE OF 
SYSTEMACnVITY (CMAV) 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMOR Y*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

0.160232 
0.130502 1.14 
0.114822 

221.451602 2220.11 
0.099748 
0.001139 0.01 
0.166419 

0.30 

0.00 

0.94 

TABLE DS, ANOVA RESULTSFORTHE NUMBER OFFLIGHTS 
COMPLETED(NCOMP) 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

1.991406 
1.410156 
1.210156 

368.160156 
0.610156 
0.660156 
0.310156 

17 0.30 

603.39 0.00 

0.29 0.60 

TABLE D9. ANOVA RESULTSFORTHE PERCENTAGEOFPOINTS 
OBTAINED IN THE INFORMAllON RECALL PHASE 
(SGTIR) 

Sourceof Variation DF Square F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMO RY*TRAFFI C* SUBJECT 

444.431465 
1.262814 

120.310254 
2493.129727 
226.915793 

5.862452 
183.902118 

0.01 0.92 

10.99 0.00 

0.03 0.86 

D-3 

!:!lean 



TABLE DIO. ANOV A RESULTS FOR THE PERCENTAGE OF POINTS 
OBTAINED IN THE SPATIAL LOCATION PHASE (SGTSL) 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMOR Y*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

970.711585 
719.647689 
272.036856 

2266.117014 
113.595001 
62.984064 

189.853024 

2.65 0.12 

19.95 0.00 

0.33 0.57 

TABLE Dll. ANOVA RESULTSFORTHE AIR TRAFFIC WORKLOAD 
INPUT TECHNIQUE(ATWIT) 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC*SUBJECT 
MEMORY*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

2.253256 
0.009025 
0.812985 

82.128906 
0.556713 
0.032400 
0.183060 

0.01 0.92 

147.52 0.00 

0.18 0.68 

TABLE D12. ANOVA RESULTSFORTHE CONTROLLER'SWORKLOAD 
RATING (PSQWRK) 

Source of Variation DF Mean Square F-Ratio Pr> F 
SUBJECT 15 3.795833 
MEMORY 1 0.765625 1.02 0.33 
MEMORY*SUBJECT 15 0.748958 
TRAFFIC 1 324.000000 137.87 0.00 
TRAFFIC * SUBJECT 15 2.350000 

MEMORY*TRAFFIC 1 0.140625 0.23 0.64 
MEMORY* TRAFFIC * SUBJECT 15 0.607292 
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Sourceof Variation DF Me~quare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

3.526823 
0.097656 
0.755990 

36.753906 
1.312240 
1.410156 
0.351823 

0.13 0.72 

28.01 0.00 

4.01 0.06 

TABLE D14. ANOVA RESULTSFORTHE CONTROLLER'SOVERALL 
SITUATIONAL AWARENESSRATING (PSQSAW) 

Sourceof Variation DF Mean~quare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC* SUBJECT 

MEMORY*TRAFFIC 
MEMORY*TRAFFIC*SUBJECT 

3.857292 
2.250000 
0.650000 

37.515625 
1.198958 
0.250000 
0.916667 

3.46 0.08 

31.29 0.00 

0.27 0.61 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC* SUBJECT 

MEMORY*TRAFFIC 
MEMORY*TRAFFIC*SUBJECT 

5.782292 
0.062500 
2.320833 

21.390625 
0.748958 
0.250000 
0.625000 

0.03 0.87 

28.56 0.00 
15 
1 

15 
0.40 0.54 
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TABLE D13. ANOVA RESULTSFORTHE CONTROLLER'S 
PERFORMANCERATING (PSQPFM) 

TABLE D15 ANOVA RE8ULT8 FORTHE CONTROLLER'8CURRENT 
AIRCRAFT LOCATION AWARENE88RATING (P8QCAL) 



TABLE D16. ANOVA RESULTSFORTHE CONTROLLER'SPROJECTED 
AIRCRAFT LOCATIONAWARENESSRATING (PSQPAL) 

Sourceof Variation DF MeanSquare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMOR Y*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

5.983073 
0.035156 
1.876823 

32.347656 
2.289323 
0.035156 
0.926823 

0.02 0.89 

14.13 
15 
1 

15 
0.04 0.85 

TABLE D17. ANOVA RESULTSFORTHE CONTROLLER'SPOTENTIAL 
SAFETYVIOLATIONS AWARENESSRATING (PSQPSV) 

Sourceof Variation DF Mean~quare F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

3.726823 
0.316406 
1.024740 

21.972656 
1.130990 
2.441406 
0.549740 

0.31 

19.43 

4.44 

Sourceof Variation DF Me~Square F-Ratio Pr>F 
SUBJECT 
MEMORY 
MEMORY*SUBJECT 
TRAFFIC 
TRAFFIC * SUBJECT 

MEMORY*TRAFFIC 
MEMORY* TRAFFIC * SUBJECT 

3.157292 
0.390625 
0.998958 

328.515625 
2.257292 
0.140625 
0.315625 

0.39 

145.54 

0.45 
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TABLE DI8. ANOVA RESULTSFORTHE CONTROLLER'SSCENARIO 
DIFFICULTY RATING (PSQDIF) 


